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EDITORIALS. 


UNITY AND ECONOMIC LEADERSHIP FOR THE 
CERAMIC INDUSTRIES. 


The war has brought out rather strikingly the curious lack of 
unity of purpose among the several branches of our industry, 
even among those manufacturing the same general type of prod- 
uct. The absence of united action on the large economic ques- 
tions confronting us to-day has been very apparent, especially 
in dealing with the several Governmental bodies which now con- 
trol our industrial destiny. Even though some of our industries 
have organized more or less effectively, these associations have 
been lacking in cohesion and harmonious coéperation with al- 
lied ceramic branches. The result has been the failure of this 
important group of industries to secure representation on the 
War Industries Board. 

It was only at the instance of a member of the Industrial 
Board, himself not familiar with the clay industries, that manu- 
facturers of structural ceramic products were brought to the 
realization of the necessity for united action. This affords a 
striking lesson showing the need of a more general association of 
interests. In the American Ceramic Society we have already 
represented the technical interests of all the ceramic branches, 
but we must have an avenue also for the discussion of broad 
economic subjects and for concerted action when the occasion 
arises. This might be accomplished through the agency of this 
Society, perhaps through an Economic Section or through an 
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inter-organization of all the manufacturers’ associations, a union 
céramique. 

This brings up also the question of leadership. It is evident 
that the greatest amount of good can be accomplished only through 
the medium of broadly trained men for the positions of chair- 
men and secretaries of the different subdivisions, men who com- 
bine a thorough knowledge of business and markets with sound 
information concerning the general aspects cf the important 
technical questions, such as those relating to fuel economy, labor- 
saving machinery, and last, but not least, concerning the great 
problem of labor. Such men are rare, and if they are not always 
available they must be trained for such work as far as is possi- 
ble, by coéperation between the manufacturers and the col- 
leges. It is evident that such individuals, to te useful, must 
not be clerks or salesmen, per se, but must be the resultant of a 
combination of those innate qualities which mark men cf broad, 
human vision, and energy. Without such men, and we already 
have some in the industry, organized effort will prove to be 
: amere empty shell. Ex nthilo nihil fit. 


ACID RESISTING ENAMELWARE. 


The production of acid-resisting enamel-lined equipment in 
the United States has been subject to very definite wartime in- 
fluences. ‘These influences were felt soon after the outbreak of 
the war in August, 1914. Up to that time greater progress had 
been made in the manufacture of enameled steel apparatus for 
the various conditions of service ranging from the mild condi- 
tions encountered ift the preparation of food to the severe mineral 
acid conditions encountered in the manufacture of gases, etc. 
Some cast iron equipment, lined with a relatively soft enamel, 
was produced at that time in this country, but most of the enam- 
eled cast iron wares used under the more severe chemical condi- 
tions were imported from Austria, Germany and France, particu- 
larly the latter country. 

Shortly after the outbreak of the war, the manufacturers of 
acid-resisting enamel ware were confronted with two condi- 
tions: First, with the development of the dye and explosive in- 
dustries there was a greatly increasing demand for acid-resisting 
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enamelware equipment. Second, the supply of the imported 
wares'-was greatly reduced, and the failure to secure a supply 
greatly inconvenienced some manufacturers who had standard- 
ized their processes with a view to the continued use of the cast 
iron apparatus of foreign design and manufacture. These con- 
ditions stimulated the production of domestic equipment and a 
marked improvement in the quality resulted but substitutes 
for the cast iron imported wares were not at first placed upon the 
market. 

Owing to the heavy demands for steel plates in the munitions 
industries and later in the shipbuilding industry, a decrease in 
the quality of the plates available for the manufacture of enameled 
ware was noted for a time. Simultaneously with the decrease 
in quality of the plates the demand for high quality enameled ap- 
paratus for use in severe chemical service greatly increased. 
There appeared on the market at this time a small quantity of 
American made cast iron apparatus so constructed and enameled 
as to excel the wares formerly imported. The users of this type 
of apparatus quickly realized the merits of the cast iron ware 
manufactured in this country and the demand increased rapidly. 
It is at present available in units of quite large capacity, up to 
200 gallons, and the limit has not been reached. 

Since the outbreak of the war, an increased field of usefulness 
for enameled steel apparatus has been in the food industries 
and it is now used in the processing of materials whose mild corro- 
sive action permits the use of relatively soft enamels. With the 
rapid expansion of the dairy industry and the increased manu- 
facture of butter substitutes, including the hydrogenation of 
oils, large enameled steel units up to 5000 gallons capacity are 
in great demand. 

It is gratifying to note that the acid-resisting enamel equip- 
ment industry is solving its problems in this time of effort. Manu- 
facturers of pure food, explosives, gas for warfare purposes, 
pharmaceutical preparations, dyestuffs and of many other 
lines, find in the acid-resisting enameled iron wares a very useful 
and essential type of equipment. 

The future of the acid-resisting cast iron branch of the enamel- 
ing industry in this country is most promising. 


RB. 
ie 
a 
ae 


ORIGINAL PAPERS AND DISCUSSIONS. 


ON THE RELATION BETWEEN THE PHYSICAL PROPER- 
TIES AND CHEMICAL COMPOSITION OF GLASS, VIII: 
MOLECULAR COMPOUNDS. 


By Epwin Warp TILLoTsoN, JR. 


This paper is an account of an attempt to secure information 
on the chemical compounds which are formed in glasses. The 
fundamental law which makes this possible has been extensively 
tested with mixtures of liquids and solutions and, without going 
into a mathematical demonstration, it may be said that theo- 
retical considerations suggest that the refractive index of a mix- 
ture should be a linear function of the relative volumes of the 
components of the mixture, and this prediction is verified by the 
experimental data for a large variety of mixtures. When the 
refractive indices and the composition of a series of binary mix- 
tures are plotted in a suitable manner, one or more straight ‘lines 
are usually formed, the intersections of which, if there be more 
than one straight line, are interpreted as indicating the formation 
and the composition of the molecular compounds which consti- 
tute the mixture. This relationship, therefore, offers a means 
for obtaining information regarding the chemical condition of 
mixtures from which, because of the physical condition of the 
mixture, or of their own specific nature, the compounds formed 
therein may not be separated. 

One of the most important applications of this law is in th 
study of glasses. Heretofore there has been no means by which 
the compounds present in a glass could be identified. Such in- 
vestigations as have been carried out have been along two dis- 
tinct lines: first, the behavior of glass surfaces toward reagents, 
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and second, the melting-point diagram of binary mixtures of 
comparatively simple and crystallizable silicates, borates, and 
phosphates. 

The result of the former line of investigation has been the 
adoption of the following formula as typical and ideal for a nor- 
mal glass: NazO.CaO.6SiO2.!_ Although it may have been origi- 
nally intended that this should represent merely the approximate 
composition of a good glass, the frequent use of this formula in 
chemical literature gives one the impression that a good glass 
should consist of a single chemical compound, and that a glass 
possessing this formula is such a compound, and therefore a 
typical and ideal glass. A careful examination of the data on 
which this formula is founded, fails, however, to reveal any con- 
vincing evidence that it represents a definite chemical com- 
pound; on the contrary, it appears to be an easily remembered 
composition in which has been combined a high resistance to 
the action of reagents, a small tendency to devitrification, and 
the possibility of melting it and of working it into the finished 
ware. These are the criteria by which this glass has been ad- 
judged to be a chemical compound, the excellence of its proper- 
ties as a glass.’ 

The second line of investigation, while scarcely more fruitful, 
is at least a more scientific method of attack, and results have 
been obtained which, besides being of theoretical interest, are 
of much practical importance. Yet such work must deal with 
crystallizable substances and gives information, so far as chem- 
ical composition is concerned, regarding only the crystallized 
material. Since little knowledge is at hand regarding chemical. 
changes which may take place during crystallization, it is im- 
possible to draw conclusions as to the chemical condition of the 
fused mixture or of the supercooled glass. 

This paper is a record, primarily, of the results obtained in an 


1 See O. Schott, Dingler’s polytech. J., 216, 346 (1877); Weber, Jbid., 
233, 349 (1879); G. Wagener, [bid., 243, 66 (1882); E. Tscheuschner, Jdid., 
256, 75 (1885); Schwartz, Chem. Zentr., 1886, p. 825; Mylius and Foerster, 


Ber., 22, 1104 (1889). 
2 See Asche and Asche, ‘“The Hexite-Pentite Theory,”’ p. 253. 
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examination of the systems Na,O-CaO-SiO, and Na,O-BaO- 
SiO. by means of the refractive index. 

Table 1, however, contains data taken from the literature for 
the feldspar glasses and Table 2 similar data for the system 
CaSiO;-MgSiO; (glasses). These data are shown in graphic 
form in Figs. 1 and 2. According to our hypothesis, since the 
refractive indices of the feldspar glasses lie on a single straight 
line, no new compounds are formed in this system. In the CaSiO;- 
MgSiO; mixtures, however, three straight lines are obtained in- 
tersecting at two points, which is interpreted as indicating the 
formation of two new compounds, and from the position of the 
intersections, these compounds possess the compositions CaMg;- 
(SiOz), and CasMg(SiOs);. It is of interest that no indication is 
given of the formation of diopside, CaMg(SiOs;)2, although this 
is the only double silicate which crystallizes from these mix- 
tures.' This system, therefore, apparently offers an excellent 
example of chemical changes which may take place during the 
process of devitrification of a glass. It is worthy of note that 
one of these new compounds possesses the chemical composi- 
tion of the mineral tremolite,,CaMg;(SiO;),. The specific gravi- 
ties of these glasses give the same indications as the refractive 
indices as are illustrated in Figs. 1 and 2. 


Experimental. 
For the experiments described in this paper sodium carbonate, 
barium carbonate, calcium carbonate and a very good quality 
of glass sand were employed. The purity of each of the raw 


TABLE 1. 
Albite-Anorthite Glasses. 


Refractive index. 


Anorthite. Na line. Density. 

Per cent. by 
volume. .Obs. Calc. Obs. Calc. 
0.00 1.4890 1.4890 2.382 2.382 
31.85 1.5166 1.5166 2.483 2.483 
48 .32 1.5308 1.5308 2.333 2.536 
65.16 1.5452 1.5453 2.591 2.589 
82.39 1.5600 1.5602 2.648 2.644 
100.00 1.5755 1.5754 2.700 2.700 
dN/dp = 0.000864 dD/dp = 0.00318 


1 Allen and White, Am. J. Sci., 27, 1 (1909). 
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TABLE 2. 
CaSiO;—MgSiO3. 


Refractive index. 


CaSiOs. Na line. Density. 
Per cent. by 
volume. Obs. Calc. Obs. Calc. 
0.00 1.580r 1.5801 2.758 2.760 
4.76 1.5823 1.5828 2.977 2.37% 
9.54 1.5853 1.5854 2.781 2.781 
28.92 1.5960 1.5960 2.823 2.822 
38.76 1.6008 1.6008 2.835 2.834 
52.35 1.6073 1.6073 2.854 2.851 
58.75 1.6105 1.6104 2.858 2.859 
62.80 1.6122 1.6123 2.872 2.865 
72.99 1.6174 1.6172 2.881 2.877 
84.60 1.6224 1.6224 2.891 2.891 
94.75 1.6261 1.6261 2.899 2.899 
100.00 1.6280 1.6280 2.904 _ 2.904 
aN/dp. adD/dp. 
(0o-26.78%) = 0.000557 0.00225 
(26.78-81.45%) = 0.000482 0.00125 
(81.45-100%) = 0.000362 0.00086 


materials was determined and on this basis the several mixtures 
were carefully weighed out, mixed and fused in hard burned clay 
crucibles in the oxidizing atmosphere of a gas furnace. After 
the glass was thoroughly fused it was poured out on cold iron 
plates, and after annealing, unless devitrification prevented, 
was broken up into small fragments. The refractive index for 
white light was measured with the aid of an Abbé refractometer, 
using selected fragments of the glass which presented a smooth 
and flat surface of the original plate. With a little care in se- 
lecting plane fragments of the glass, the values of the refrac- 
tive index for successive plates usually agreed to within one or 
two units in the third decimal place and the average of a number 
of measurements was taken as the final value of the refractive 
index. 
The System Na,O-BaO-SiO,. 

In order that all the compounds formed in a ternary system 
may be identified, it is necessary that several series of mixtures 
be made, their number depending upon the number of com- 
pounds formed. The system NazO—BaO-SiO:, serves to illus- 
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trate the procedure. Mixtures of Na,O and SiO, were first made 
up. These varied in composition from NazO.SiO2 to NazO.5SiOs. 
Beyond these limits either fusion was difficult or only crystallized 
products were obtained. This series indicates a compound of 
the Na,O.2SiO2. The second series might well have consisted 
of mixtures of Na,O.2SiO2 and BaO.SiO., but in order that de- 
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vitrification might be eliminated as far as possible, and that the 
mixtures might approach more nearly to real glasses, Na2O.- 
3.58102 and NasO.5SiO2 were used as variables with BaO.SiOz. 
In one series, Na,O.3SiO2 and BaO.2SiO. were the variables. 
In each of these mixtures the formation of a compound was 
indicated at molecular ratios for Na,.O and BaO of one to one. 
The final series was then made up in which (Na.O.BaQO) and 
SiO. were the variables. This series indicates compounds of 
the formulas NasO.BaO.3SiO2 and Na,O.BaO.4SiO». 

The data for these series are given in Tables 3 to 7, and are 
shown in graphic form in Figs. 3 to 7. In Figs. 4, 5 and 6 the ex- 
istence of a compound is indicated in which the molecular ratio 
of NasO to BaO is one to one; in Fig. 7 this ratio of bases is main- 
tained constant while the ratio of bases to SiQ. was variable. 
The results, as shown in Fig. 7, indicate compounds of the com- 
position NasO.BaO.3SiO2 and NazO.BaO.4SiO2. No compounds 
of this type, containing more than four molecules of SiQ., appear 
to exist in these glasses. The glasses possessing the composi- 
tion of these compounds devitrify readily, the ease of devitri- 
fication increasing as the quantity of SiO, decreases. ‘The series 
BaO-SiO, was not extensively investigated, chiefly because of 
the high melting point and the readiness with which these mix- 
tures crystallize. Two glasses were, however, made, corre- 
sponding in composition to BaO.SiQ, and BaQO.2SiQz, and, al- 
though the refractive index measurements for these glasses were 
subject to rather large errors, the indications are that BaO.2SiO» 


TABLE 3. TABLE 4. 
Na2O-SiQsz. 
Silica. BaO.SiO2 
Per cent. by Refractive Per cent. by Refractive 
volume. index. volume. index 
100 .0O (1.464) 0.00 1.4950 
85.50 (1.4865)! 4.42 I. 5030 
80.55 1.4950 8.44 1.5150 
78.00 I. 5000 15.38 1.5255 
76.75 I. 5000 17.69 1.5330 
70.70 1.5110 21.97 1.5440 
63.80 1.5137 29.80 1.5603 
54.20 1.5200 39.00 1.5750 


' Extrapolated from Fig. 6 
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TABLE 5. TABLE 6. 
BaO.2Site. BaO.SiOr. 
Per cent. by Refractive Per cent. by Refractive 
volume index. volume. index. 
0.00 1.5000 3.96 1.496 
6.82 1.5054 7.42 1.504 
18.00 1.5200 11.46 1.515 
25.70 1.5310 17.43 1.526 
28.20 1.5330 23-95 1-541 
33.20 1.5370 32.0 1.555 
42.40 1.5488 42.3 1.571 
52.20 1.5594 
63.10 1.5718 
"74.70 1.5847 
86.20 1.5945 
100.00 1.6090 
TABLE 7. 
SiQe. 
Per cent. by 
volume. Refractive index. 
49-5 1.6055 
62.3 1.5755 
64.15 1.5716 
67.72 1.5684 
70.64 1.5650 
72.73 1.5603 
74-77 1.5488 
78.06 1.5407 


is a definite compound. The two ternary compounds, there- 
fore, correspond to double salts of the simple silicates Na:O.2SiOo.- . 
BaOSiO:z and 


The System Na,O-CaO-SiO,. 


In Tables 8 and 9 and in Figs. 8 and 9 are presented data for 
the soda lime glasses. The series NasO.35i02.-CaO.SiOs, as il- 
lustrated in Fig. 8, indicates the formation of a compound in 
which the ratio of NaxO to CaO is two to three. Fig. 9 shows 
the series in which this ratio was maintained constant while the 
ratio of base to SiO. was varied. As will be seen from the figure, 
only one compound is formed, 2Na20.3CaO.7SiO». Ordinary 
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soda lime glasses contain much more soda and silica than corre- 
spond to this formula. On the one extreme a typical glass rich 
in alkali of a low melting temperature possessing a composition 
approximately represented by the following formula: 12Na,O.- 
3CaO.45SiO2. Such a glass is, therefore, considered to be made 
up of a solution of 


10 Mol. 


On the other extreme the high melting lime-rich glass of the 
“normal” formula NaxO.CaO.6SiO2 is considered as being a solu- 
tion of 


Na,0.2Si02 
SiO, 
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TABLE 8. TABLE 9. 
2Na.0.3CaO-SiOs. 
CaO.SiO2. SiOz. 
Per cent. by Refractive Per cent. by Refractive 
volume. index. volume. index. 
0.0 I. 5000 60.50 1.5715 
4-35 1.5064 64.85 1.5645 
9.05 1.5115 68.25 1.5583 
14.60 1.5172 73.60 1.5425 
20.98 1.5240 
28.45 1.5330 
37-490 1.5425 
47.90 1.5590 
61.50 1.5796 


It is of interest, although not considered to be of vital im- 
portance, to compare these results with the melting-point data 
of binary systems. According to Kultascheff,' the melting-point 
diagram of NasSiO;-CaSiO; mixtures exhibits a maximum, in- 
dicating a compound of the composition 2(NaSiO;).3(CaSiQOs). 
This was confirmed by the work of Waliace.? Wallace has also 
investigated the system NaSiO;-BaSiO; and has obtained data 
which indicate that these mixtures form an unbroken series of 
mixed crystals, and that no double silicate, therefore, separates 
from these fusions. 

The melting-point diagram of the system Na,O-SiO, does not 
appear to be on record. Investigations* of ‘‘water glass’ indi- 
cate that Na2O.2SiO2, or some hydrate thereof, is the most acidic 
silicate of sodium which is stable in aqueous solution. Reason- 
ing from analytical data, Legorio,* in a study of crystallization in 
eruptive magma, concluded that the compound NapO.2SiOz 
might be regarded as the common solvent in such silicate fusions, 
and referred to it as the “glass base.’”’ Of greater significance, how- 
ever, is the observation of Gelstharp® that all mixtures of silica 

' Z. anorg. Chem., 35, 187 (1903). 

2 [bid., 63, 8 (1909). 

3 Lielegg, Dingler’s polytech. J., 153, 44 (1859); Scheurer-Kestner, Rep. 
Chem. Applique, 5, 150 (1863); Scherer, J. prakt. Chem., 41, 415 (1864); 
Kohlrausch, Z. phys. Chem., 12, 773 (1893); Mylius, Ber., VI Int. Cong 
Appl. Sct., 1, 677 (1908). 

4 Tscherm. Min. Mitteil., 8, 421 (1886). 

5 Trans. Am. Ceram. Soc., 14, 647 (1912). 
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and sodium carbonate, which contained less silica than corre- 
sponds to the above formula, resulted in clear fusions when the 
reaction was complete, as evidenced by the cessation of the evolu- 
tion of carbon dioxide. When, however, the quantity of silica 
was greater than that necessary to form Na,O.2SiO», undissolved 
silica was observed after the chemical reaction had gone to com- 
pletion. 


COMMUNICATED DISCUSSIONS. 


C. H. Kerr: All who have undertaken the study of any phase 
of equilibrium in silicate melts appreciate the great difficulties 
involved and any method which gives promise of opening up 
new lines of attack is exceedingly welcome. It seems that the 
present method offers great possibility of development as a new 
means of studying the problems of glass manufacture and it 
should prove equally valuable in other fields where the reac- 
tions are carried well on toward equilibrium. 

In the present investigation, it is obvious that the whole field 
of non-devitrifying glasses, which can be made from the ingre- 
dients herein described, has not ‘been covered, but it is not shown 
in the paper just what relation the compounds which have been 
studied bear to the entire field. It seems that a much more 
thorough investigation, at much closer composition intervals 
but embracing necessarily a greatly restricted number of composi- 
tions, would have yielded results of even greater value. There 
are not sufficient points on any one curve to show with any 
great assurance of correctness the nature of the curves and their 
significance. 

In the context it is stated that the index for white light was 
determined. It is well known that the Abbé refractometer 
gives readings for the D line (or sodium line) of the spectrum. 

As to the method of making index determinations, the speci- 
mens described are not considered to be satisfactory for the work 
in hand. The surfaces produced by pouring a glass melt onto 
an iron plate fall far short of being sufficiently good for readings 
of index in investigative work. Variations in index readings, 
due to surface irregularities, will, in many cases, exceed the varia- 
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tions due to the comparatively small changes in composition. 
Data are not submitted in detail showing just what variations 
in index were found in the individual readings on the same melt. 
It is a well-known fact that, even with a highly polished plano 
test piece, a very slight tipping up of one edge, due to a minute 
dust particle, will cause errors as great as one unit in the third 
decimal place, and surface irregularities of an ordinary fire pol- 
isked specitren will show variations in index readings up to one 
or even two units in the third decimal place. ‘he surface pro- 
duced by pouring the melt onto an iron plate will probably cause 
even greater variations and therefore, with any reasonable num- 
ber of readings, the variation due to surface is apt to be quite 
large. This must be borne in mind throughout the present 
work. 

It is regretted that full tabulations of all readings are not re- 
corded or, at least a full tabulation in one case, to show the actual 
mathematical probabilities. When it is realized that variations 
of one or two units in the third decimal place may occur in the 
individual readings, and probably errors as large as that due 
only to the irregular surface of the specimen, and still at the 
same time variations of a few units in the fourth decimal place 
are taken to indicate departure from a straight line, lyperbolic 
or other simple curve form, it is evident that a very careful con- 
sideration must be given to each factor influencing each deduc- 
tion before it can be considered as established that the existence 
of definite compounds is shown. 

Mr. E. D. Tillyer, of the American Optical Company, has 
given some consideration to the mathematical side of the problem. 
Taking the data in Table 2 and using the Cornu interpolation 
formula, he says that the probable error in the assumption of 
this formula (that an hyperbolic curve will fit various points 
on the chart) is substantially the same as the probable error from 
the assumption that three intersecting lines accurately repre- 
sent the facts as in Fig. 2, given by the author. In other words, 
an hyperbolic curve, drawn through these points, is of the same 
order of probability in its correctness as are the three intersecting 
straight lines and, obviously, the hyperbolic curve would indi- 
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cate nothing, so far as we are now aware, about the existence 
of any definite compounds. Furthermore, the hyperbolic curve 
is the simplest physical expression we can conceive to indicate 
progressive changes in index of refraction or in other wave-length 
manifestations. I am greatly indebted to Mr. Tillyer for his 
consideration of these points. 

These facts are not presented to show that the author’s conclu- 
sions are in error, which is neither claimed nor denied, but merely . 
to direct careful study regarding the mathematical significance 
of the data presented. 

One further point to which attention should be drawn is the 
desirability of making greater use of the specific gravity deter- 
minations. ‘The Lorenz-Lorentz formula has demonstrated that 
specific gravity changes must necessarily accompany changes 
in the indices of refraction. It is well known that the accuracy 
obtainable in specific gravity determination is several times 
the accuracy of determinations of the indices of refraction and, 
therefore, a study of the specific gravity variations in such con- 
nections as the present appears to offer very attractive possi- 
bilities. 


A. E. Wiuiiams, C. C. Ranp: It has been our experience in 
making experimental glass melts, even in quantities as small as 
200 grams, that the glass cannot be made homogeneous enough 
to obtain an index of refraction which is more accurate than one 
point in the second place, by simply melting the mixture thor- 
oughly. The glass must be stirred for a considerable time be- 
fore an index correct to the third place is possible. Further- 
more, the change of index due to volatilization is considerable 
and may cause a difference of one point in the second place be- 
tween an experimental melt and a 1000-pound melt of identically 
the same batch composition. 

If the compositions of the glasses for which the indices and 
densities are given are the batch compositions rather than the 
analyses after melting, we believe that the variations in the 
curves are within the limits of error possible from unhomogeneity 
in the glasses and changes of composition due to volatilization. 
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E. W. TrtLotson: The questions raised in these discussions are 
those which naturally present themselves to those who have 
worked in this field. It is to be recognized that some error is 
present by reason of lack of homogeneity, and possibly as a 
result of volatilization. It was the purpose that errors from 
these souftces were to be minimized by carrying out each experi- 
ment, as far as possible, under the same conditions. While the 
values for the indices given may not be absolute values and may 
differ from those secured in larger melts, it is believed that they 
are comparable among themselves within the limits mentioned. 

The method of making the index determinations was, perhaps, 
not presented clearly. While the glasses were poured on iron 
plates, it was the upper ‘‘fire polished” surface which was used 
for making the measurements. By breaking the plate several 
small pieces could be obtained, with surfaces suitable for the 
fifteen or twenty readings taken. 

With regard to the theory of the ‘“‘straight line’’ relationship, 
the following illustrates the mathematical considerations: 

Let ti: U2, M2, te, etc., represent the velocity of light, 
refractive index and time required for light to traverse the dis- 
tance /,, ls, etc., of the several components, and L, U and T be 
the corresponding quantities for vacuum. The following rela- 
tionships then follow: 

U 


~ = no + etc. 


If now the mixture be considered to be made up of an infinite 
number of layers through all of which the light must pass con- 
secutively, and since 


L = lo + etc., 


the time required for light to traverse the mixture will be 


& =— + etc. 
uy, Us 
te 
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ty + te + ete. 
The refractive index of the mixture will then be 


U 
N = = (2 +2 +etc.)(7) 


(3) (2) + (4) (2) + et 


UU 
Substituting for a etc., their equivalents 11, m2, etc., and for 
1 2 
h 
LL 
tion becomes 


, etc., the percentages by volume ?;, po, etc., the equa- 


N = pm + pom + etc. 


This indicates, therefore, that in mixtures, in which no new 
compounds are formed, the refractive indices would be expected 
to follow the “straight line’’ law, when the composition ‘of the 
mixtures is expressed in percentages by volume. When new com- 
pounds are formed quantitatively in the mixture, it is to be ex- 
pected that the linear relationship wi! still hold, but the indices 
may lie on several straight lines which intersect at compositions 
corresponding to those of the new compounds. 

It may be added that nearly all of the data here presented was 
secured before the linear relationship between index and composi- 
tion by volume became apparent. However, before it was 
adopted, confirmatory evidence was sought in published data 
on solutions and on mixtures of liquids. Nearly one hundred 
systems were recomputed on the volume percentage basis, and 
many systems were found in which the linearity is so striking 
as to make it difficult to believe that it is accidental. It is also 
difficult to explain, by the laws of chance, that the data should 
lie so nearly on straight lines which intersect at compositions 
corresponding to simple molecular ratios. If the true ‘‘curve” 
is hyperbolic or if the errors of experiment are so great as to 
mask the true curve, it is remarkable that the indicated linearity 
should present itself with such regularity. Incidentally, the writer 
is not aware that he has taken ‘variations of a few units in the 
fourth decimal place to indicate departure from a straight line.” 
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With reference to the use of interpolation formulae, it is to 
be recognized that any ‘‘curve’’ may be approximated as closely 
as may be desired by the judicious selection of a formula of a suffi- 
cient number of terms. The fact that such an empirical expression 
may approximate a given series of points does not militate against 
a second expression which is founded upon a theoretical con- 
sideration of the problem and which gives an equally good agree- 
ment with the series of points in question. The hyperbolic 
function may be the most simple expression relating changes 
of refractive ndex with varying wave lengths or with varying 
_ temperatures, but it is not apparent that it should relate change 
in the index with changes in composition. 

The statement that “specific gravity changes must necessarily 
accompany changes in the index of refraction’’ is true only under 
certain conditions. The formula of Lorenz-Lorentz relates 
the index with the density of a substance of given composition, 
under different conditions of temperature. In the systems 
under consideration, the temperatures remain substantially 
constant while the composition varies. It may be true that a 
glass of the highest density will have the larger index, but this 
is not universally true of mixtures in general. Mixtures of 
water and pyridine, for example, illustrate the reverse condition. 


25° Nd, 25.2°.1 
1.000 1 . 33266 


In this system the mixtures of the lower density have the higher 
index. 

It is the writer’s belief that the data here presented indicates 
a new line of attack for investigations on the constitution of 
glasses and other solutions, and it is to be hoped that others 
may subject the principles indicated to a minute experimental! in- 
vestigation. 


MELLON INSTITUTE, 
PITTSBURGH, Pa. 


! Zawidski, Z. phys. Chem., 35, 129 (1901). 
? Van Nostrand’s Chemical Annual. 
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FIRE CLAYS IN NORTHERN IDAHO. 


By E. K. Sopser, Corvaliis, Oregon. 


Location and Accessibility—During the past three years 
there have been several important discoveries of high grade fire 
clay in Latah County, Idaho. Latah County is in the northwest 
part of the State, adjoining Whitman County, Washington. 
The clay deposits occur near Moscow, the County seat, and 
site of the University of Idaho. The deposits lie in close proximity 
to the Lewiston branch of the Northern Pacific Railway, and at 
the property of the Moscow Fire Brick and Clay Products Co., 
near Moscow, a railroad spur is being built to the clay pits to 
permit of the loading of the clay direct from the pit to the cars. 

Geology of the Clay Deposits.—The geological occurrence 
of the clay deposits is interesting and some rather unusual fea- 
tures are exhibited. The fire clay is of the residual type, and 
has been derived from the weathering and decomposition of 
granite and associated pegmatite dikes. In addition to these 
fire clays there are other residual clays derived from the decom- 
position of basalt, which occurs over a large area in this region 
as a capping on top of the granite. The clays derived from the 
decomposition of the basalt are red, yellow or brown in color. 
Because of the higher percentage of iron and other fluxing im- 
purities, they have little value for refractory purposes, but are 
excellent for the manufacture of brick, tile and other structural 
clay products. The fire clays are usually white or cream col- 
ored, and are white burning. 

The general geology of this section of Idaho is comparatively 
simple. The rocks in the vicinity of Moscow consist of granite, 
quartzite, and basalt. The quartzite, which is the oldest rock, 
probably Algonkian in age, has been altered to a quartz schist 
in places. The granite occurs as a large intrusion into the quartz- 
ite and quartz schists and is probably of Cretaceous age. It 
forms the edge of the enormous granite batholith which, be- 
cause of erosion, is now exposed at the surface over many square 
miles in the mountainous region to the east and southeast. The 
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quartzite and associated pre-Cambrian sediments have been mostly 
eroded from the region under discussion, but large areas are ex- 
posed to the northeast. 

The basalt occurs as a flow, or series of flows, which originally 
covered the entire region of the Snake River plains in Idaho, 
Eastern Washington, and a large part of Eastern Oregon. 
This formation is known as the Columbia basalt and is 
probably of Miocene age. The lava flows originally reached 
well up on the foothills and lower western flanks of the moun- 
tains to the east of Moscow. Subsequent erosion has removed 
the basalt capping from many oi the upper slopes of the foot- 
hills bordering the mountains and it is along the contact of 
this basalt cap-rock and the denuded granite that the fire 
clays and associated basaltic residual clays occur. Although 
there are large areas of granite, just east of this contact, from 
which the basalt has been completely removed, no important de- 
posits of fire clay have been discovered as yet on these terrains. 

The occurrence of the clay along the contact zone is probably 
due to the fact that on the granite side of the contact the hills 
rise to considerably higher elevations with rather steep slopes 
and the clay and decomposed granite is rapidly removed by 
erosion. Along the contact zone the slopes are more gentle 
and thus clay deposits of considerable thickness have accumula- 
ted. Another probable reason for the close association of the 
clay deposits and the zone of contact between granite and basalt 
suggested itself to the writer in examining one oi the recently 
exposed clay banks near the town of Troy. At this locality the 
clay is overlain by a bed of volcanic tuff (consolidated volcanic 
ash), which, in turn, is partly overlain by basalt. At this place 
the tuff is exposed in immediate contact with the underlying 
residual fire clay which grades downward into partially decom- 
posed granite. For a thickness of several feet beneath the tuff 
the clay is stained dark brown or yellow and contains numer- 
ous altered fragments of wood, showing plainly the existence 
here of an old weathered surface antedating the volcanic ac- 
tivity which resulted in the deposition of the ash. This evi- 
dence points to the conclusion that in some cases the residual 
clay was formed before the lava flows which now cover so much 
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of the region. Recent erosion of the lava capping has resulted 
in the exposure of the clay and decomposed granite and this 
in turn has been rapidly removed because of its relatively weaker 
resistance to erosion processes. The more rapid erosion of the 
areas of decomposed granite would tend to remove the clay ex- 
cept along the zone adjoining the contact, where the protecting 
capping of basalt, or tuff, has not been removed sufficiently 
long to result in the erosion of the clay. It is probable that 
much of the fire clay is Miocene or pre-Miocene in age, but as 
considerable decomposition of the granite has taken place since 
the erosion of the basalt, this has probably resulted in the forma- 
tion of post-Miocene residual clay deposits. 

The red, yellow, and brown clays which have been derived 
from the decomposition of the basalt are clearly of recent age. 
As would be expected, these generally occur at somewhat higher 
elevations than the white fire clays and in some cases are found 
directly overlying the fire clay. Recent erosion has resulted 
in the accumulation of secondary deposits of mixed sedimen- 
tary clays derived from the removal and mixing of the residual 
fire and basaltic clays. 

The granite from which the fire clay in this locality has been 
derived is rich in feldspar, and generally contains only small 
amounts of hornblende, biotite or other ferro-magnesian min- 
erals. In the vicinity of Moscow, the granite shows almost no 
mica and hornblende. Considerable white mica occurs in the 
granite at some places and there is also a segregation of the feld- 
spars along narrow zones cutting through the granite in various 
directions. This has resulted in the occurrence of numerous 
narrow streaks of almost pure kaolin cutting the clay deposits. 
Narrow pegmatite dikes are also of rather frequent occurrence 
in the granite of this locality and this pegmatite has contributed 
additional amounts of kaolin to the fire clay. Because of the 
numerous segregations of the feldspar, white mica, or quartz 
constituents of the granite, the material resulting from the de- 
composition of the granite is often ‘‘spotty’’ in its occurrence. 
In places this material will consist almost entirely of sub-angular 
quartz sand. In other places, large amounts of partially de- 


AMERICAN CERAMIC SOCIETY. 97 


composed mica were noted, especially at the O. K. Olsen mine 
near Troy. In some places, where the proportion of feldspar 
in the original granite was high, deposits of good white fire clay 
have resulted from the weathering of the rock. 


Extent of the Clay Deposits.—The size and shape of the clay 
deposits are variable. They range in thickness from a few feet 
to 40 or 50 feet, and the area of the deposits may vary from a 
fraction of an acre to 40 or 50 acres. ‘This variation in size and 
shape is to be expected from the method of origin of the deposits, 
and from the character of the parent rock. In prospecting or 
developing these deposits, it is advisable to put down a large 
number of bore holes or test pits, arranged on some systematic 
plan, in order to obtain accurate data from which the extent of 
the deposit may be outlined. 


Quality of the Clay.—vThe fire clay is of excellent quality 
and is well suited for the manufacture of fire brick. The best 
and purest deposits are those being worked at Moscow. Heat- 
ing tests have shown that the clays have softening points ranging 
from that of Cone 30 to Cone 36. As the material comes from 
the pits, it develops only a moderate degree of plasticity and is 
of coarse texture, containing numerous angular grains of quartz 
embedded in white kaolin. There is sometimes present small 
amounts of white mica but in the Moscow deposits the quantity 
of mica in the clay is negligible. The kaolin is often rather 
dry and powdery, which makes the clay crumble easily, but 
when water is added and the material thoroughly mixed, the clay 
develops a surprising degree of plasticity. Up to the present 
time, no attempts have been made to utilize these clays for any 
purpose other than in the manufacture of fire brick and other 
refractory shapes. However, if the clay were washed, kaolin 
and silica of very good quality should result. The former might 
be utilized in the manufacture of pottery and other high-grade 
wares, and the white quartz, which is of unusual purity, might 
be of value in the manufacture of silica brick. 


Development and Market.—The discovery of the fire clays 
of this locality is of recent date, but already two plants are in 
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operation manufacturing refractories. The plant of the Mos- 
cow Fire Brick and Clay Product Company at Moscow, Idaho, 
was placed in operation in 1917 and from the start this company 
has been operating continuously. Another plant is in operation 
at Troy, Idaho, about 10 miles east of Moscow. ‘There are also 
brick plants at Mica and Freeman, in Spokane County, Wash- 
ington, northwest of Latah County, Idaho. These Washington 
plants are operating on clays of similar origin to those here de- 
scribed. ‘The market for fire brick and other refractories in the 
Northwest is very encouraging. The large smelters at Kellogg, 
Idaho; Northport, Washington; Tacoma, Washington, and in 
British Columbia, furnish a regular market for large quantities 
of refractories in addition to the amounts regularly used in the 
various industrial works at Spokane, Seattle, Tacoma, Portland, 
Vancouver, and other points in the Northwest. 

It is not unlikely that a steel plant will be erected on the north 
Pacific coast in the near future, affording an additional market 
for fire clay and other refractory products. ‘The Moscow Fire Brick 
and Clay Product Company is also utilizing deposits of the residual 
basaltic clay, which occurs on their property, in the manufac- 
ture of brick, tile and special shapes. Several varieties and colors 
of this type of clay occur in the Moscow deposit, and by their 
mixture with variable quantities of the fire clay, a wide range 
of red, buff, brown, and spotted brick and other products can 
be produced. 


OREGON STATE ScHooL OF MINEs, 
CORVALLIS, OREGON. 
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GROUND COAT ENAMELS FOR CAST IRON.' 


By Homer F. Stratey, Ames, Iowa. 


The function of a ground coat enamel is that it should serve 
as a bond between the cover enamel and the iron and also pro- 
tect the iron from oxidation while being heated to the tempera- 
ture at which the cover enamel fuses. Statements are some- 
times found in the literature that a ground coat is not necessary 
when powdered enamels are used for cast iron.” While it is some 
times possible to enamel a trial piece without the use of a ground 
coat, the percentage of good pieces obtained in this way is very 
small and the process is not a commercially feasible one. At 
the present time ground coats are universally used in the enameling 
of cast iron in this country. 

It was formerly the practice to use very refractory ground 
masses which were merely sintered onto the iron but were not 
fused to a glass. The object was to produce a porcelain-like coat- 
ing on the metal, toward which the cover enamel would act as a 
glaze. This type of ground coat is still used for wet-coat enamels 
on cast iron but for the powdered enamels it has been superseded 
to a large extent by thin glossy ground coats. 

The basis of these sintered ground coats was a frit prepared 
from flint and borax, or from flint, feldspar and borax, with small 
additions of lead or sodium oxides. To this frit, clay and flint, 
or clay and feldspar, were added in sufficient quantities to make 
the refractoriness of the mass such that it would sinter, but not 
fuse in the enameling oven. Magnesium oxide or sulphate was 
used in small quantities to assist in floating the enamel. The 
ground coat was fired until it could not be rubbed off with the 
fingers and until the individual grains appeared rounded when 


1 By permission of the Director, Bureau of Standards. 
2 Holdcroft, H., Jour. Soc. Chem. Ind., 29, 123. 
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examined with a good hand glass.!. Formula No. 1 is a ground 
coat of this type which has been used in this country in the prepara- 
tion of wet coat enamels. Further examples can be found in 
Randau, pages 124 and 125. 

In the use of glassy ground coats, enamel makers have dis- 
carded the idea of there being an analogy between the enameling 
of cast iron and the glazing of porcelain and have attempted to 
produce glasses that would afford the maximum adhesion be- 
tween the enamel and the metal. A satisfactory ground coat of 
this class should melt at a dull red heat, in order to protect the 
iron from oxidation; should be able to dissolve any oxides or 
foreign matter on the surface of the metal; should be sufficiently 
fluid to flow in part, into the minute pores of the metal, so as to 
produce a good bond, and should not blister or volatilize (burn 
off) until temperatures above those commonly employed in 
enameling furnaces are reached.” 

The mixtures commonly employed in preparing the frits for 
this type of enamel are flint or sand, feldspar, borax, red lead 
and sodium nitrate. Flint and feldspar are the refractory in- 
gredients of the enamel and supply .the silica essential to the 
production of a permanent glass. Flint or sand is often used 
alone as the refractory component, especially in the older for- 
mulae, but many recipes call for the use of some feldspar in ad- 
dition to the flint. Borax is used in the largest proportions as 
a flux on account of the ability of boric oxide to dissolve iron and 
other oxides. A ground coat glass high in boric oxide readily 
dissolves any small amounts of iron oxide present on the surface 
of the iron. Lead oxide is used because its compounds melt at 
low temperatures and produce fluid glasses having good mechan- 
ical strength when cold. The small amount of sodium nitrate — 
is introduced in order to secure the oxidizing effect of the nitrate 
radical which prevents the reduction of the lead and the absorp- 
tion of injurious sulphur gases by the glass during the fritting 
process. Small amounts of other fluxes such as fluorspar, cryolite, 


1 Paul Randau, “Enamels and Enameling,’’ 2nd English edition, pp. 
20 and 148, Scott Greenwood & Co. 
2 Trans. Am. Ceram. Soc., 13, 531 (1911). 
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barium oxide, soda ash, etc., are sometimes used, but these per- 
form no distinctive service and most of the enamel frits are com- 
pounded from the above list of materials. Small amounts of 
magnesium carbonate and magnesium sulphate are sometimes 
used in enamel frits on the assumption that they aid in the ad- 
hesion of the ground coat to the iron.' Cobalt oxide in: small 
amounts is employed in many enamel frits for the same purpose. 

As a raw material to be added at the mill, clay is invariably 
used on account of its ability to cause the enamel composition 
as a whole to remain in suspension. It also serves as a refrac- 
tory ingredient and, in some cases, is the only raw refractory 
material introduced. Flint and feldspar are occasionally used 
as raw refractories. Magnesium carbonate, magnesium sulphate, 
borax, lime water, ammonia, etc., are used in small amounts to 
assist in floating the enamel. Sometimes a little raw cobalt oxide 
is added in cases where it has not been convenient to include in 
the frit. 

The function and value of cobalt oxide in ground coats for cast 
iron is a debatable question. After a careful investigation of the 
subject, Coe came to the conclusion that ‘‘the use of cobalt oxide 
in a ground coat for cast iron enamels is of doubtful value.”? On 
the other hand, manufacturers of sheet steel enamels in general 
claim that they cannot produce a satisfactory ground coat with- 
out the use of cobalt oxide or some other metallic oxide as a sub- 
stitute for the cobalt. The remarkable effects claimed for the 
very small amounts of cobalt oxide added are not accounted for, 
and various unproven theories are advanced in an attempt to 
explain the phenomena.’ 

Since many excelient ground coats contain no cobalt, it is evi- 
dent that cobalt oxide is not essential to the production of a 
satisfactory ground coat for cast iron. On the other hand, various 
factors enter into the production of satisfactory enameled iron 
ware and it is very difficult to determine the effect of the pres- 
ence of cobalt oxide in the ground coat. As a result many 


1 Paul Randau, ‘“‘Enamels and Enameling,”’ p. 126. 
2 Trans. Am. Ceram. Soc., 13, p. 545 (1911). 
R. D. Landrum, Jbid., 14, pp. 756-763 (1914). 
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enamelers, including the writer, in some instances use cobalt 
oxide in the preparation of ground coats because they feel that 
it is not detrimental and may possibly be beneficial. The cost 
of the cobalt oxide, compared to the value of the ware produced, 
is so small that its elimination from the formulas is not ad- 
visable. 

As demonstrated by Ernest Mayer for glazes,' the settling of 
enamels is due to an excessive alkalinity of the enamel solution. 
Mayer divides the materials used for the flotation of slips into those 
whose action is physical and those whose action is chemical. In 
the first group are clay, syrup, gum arabic, dextrine, milk and blood. 
The two latter soon curdle and make quite thick suspensions. 
In the chemical group are various acid substances, including boric 
acid, vinegar, hydrochloric and sulphuric acid, which reduce 
the alkalinity by neutralizing a part of the alkali. A more ef- 
fective group of chemicals are those which neutralize a part of 
the alkalinity and at the same time produce a flocculent precipi- 
tate. The most commonly employed are magnesium sulphate 
and magnesium chloride: 


MgSO, + 2NaOH = Mg(OH): + NasSO, 
MgCl, + 2NaOH = Mg(OH), + 2NaCl 


It is a noteworthy fact that not one of these chemical vehicles 
has any appreciable coagulating effect unless clay is present. 
It would appear, therefore, that the effect of these reagents is to 
coagulate the clay and thus render it capable of floating the 
other enamel ingredients. By the addition of acid substances, 
the enamel suspension would be rendered acid or faintly alkaline, 
a condition which is favorable to coagulation. By the addition 
of magnesium salts, the alkalinity would be reduced, a flocculent 
precipitate, Mg(OH)», would result, and a coagulating salt, sodium 
sulphate or chloride, would remain in solution. Ammonium 
carbonate is a very effective coagulant while borax serves as a 
coagulant or deflocculent according to the conditions. The other 
chemicals used for the floating of enamels are capable of flocculat- 


1 Trans. Am. Ceram. Soc., 11, 369 (1909). 
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ing the clay under the proper conditions and we have every reason 
for assuming that this is their mode of action.' 

As pointed out by Mayer, it is theoretically a mistake to intro- 
duce a sulphate, such as magnesium sulphate, into a ground coat 
on account of the danger oi the development of sulphur blisters. 
However, magnesium sulphate is the most commonly employed 
vehicle with the exception of clay, and apparently the small 
amounts added are not harmful. Greenwald recommends the 
addition of magnesium oxide (calcined magnesium carbonate) 
and ammonium carbonate as being chemically harmless.’ 

Magnesium oxide and carbonate, calcium oxide, calcium hy- 
droxide (milk of lime) and calcium carbonate, may cause serious 
difficulties if deposited upon the ware in large granules. These 
granules will not be melted into the ground coat or enamel but 
burn to particles of quicklime (CaO or MgO). In the course 
of several months some oi. these particles will hydrate, the mois- 
ture presumably working through the porous iron with which 
they are in contact, and expand. ‘This causes the enamel above 
them to break off in little cone-shaped spalls. This liability is 
not an imaginary one, for the writer has inspected ware to the 
value of twenty thousand dollars, in one stockroom, ruined in 
this manner. For this reason it is preferable to eliminate the in- 
soluble compounds of magnesium or calcium as vehicles for float- 
ing the enamels. 

The so-called ‘‘vehicles’”” may be added when the ground coat 
is charged into the mill, but the more common practice is to add 
the clay just previous to the grinding and to add the others to 
measured quantities of the ground coat just before its application. 
When vehicles other than clay are used, the consistency of a ground 
coat varies greatly with age. 

The most simple and oldest type of glassy ground coat consists 
of a refractory frit, high in sand or flint and generally containing 
cobalt, to which only enough clay to float it is added at the mill. 
Ground coats Nos. 2 and 3 are typical formulas, showing the 
range of lead oxide and borax commonly employed in this type 


1H. E. Ashley, ‘Technical Control of the Colloidal Matter in Clays,”’ 
Bur. Standards, Tech. Paper, 23, 74-102. 
2 Sprechsaal, 43, 594- 
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of ground coat. The variations in cobalt oxide are also within 
the normal limits. Ground coats containing a high percentage 
of borax are more popular than those high in lead oxide, and 
formulas similar to No. 2 are in more common use than those 
similar to No. 3. 

With the general adoption, in late years, of feldspar cover 
enamels, it is quite natural that feldspar should have been intro- 
duced into ground coat frits. The feldspar has not replaced 
flint and sand entirely as in many cover enamels—a formula 
for a ground coat containing neither flint nor sand being very 
unusual. 

With the introduction of frit kilns it was not advisable to in- 
clude the cobalt in the ground coat frit, as the kiln could not be 
used for both the white and colored enamels. Consequently, in 
some modern formulas we find cobalt oxide as an addition to 
be made at the mill. No. 4 is a typical ground coat formula 
containing feldspar in the frit, the cobalt being added at the 
mill. 

It was quite natural that, from time to time, enamel mixers 
should attempt the blending of two ground coats. In some cases 
the results were so satisfactory that the use of a formula calling 
for the blending of two ground coats became an established fac- 
tory practice. According to the results obtained by J. H. Coe, 
in some cases the blending of two ground coats having about the 
same heat range will produce coats having longer heat ranges 
than is obtained by the use of either coat alone. No. 5 is a 
typical ground coat formula of this kind. Incidentally it calls 
for the addition of raw magnesium carbonate. 

In the four glassy ground coat formulas already given, the 
frits themselves are quite refractory and comprise the bulk of 
the coat. The raw material consists essentially of only sufficient 
clay to float the enamel. In late years, since the rather general 
use of frit kilns for the smelting of ground coat frits, the use of 
formulas containing more fusible frits and larger amounts of re- 
fractory raw additions has been practiced in a number of plants. 
Formula No. 6 is typical of a number of ground coats in use 


1 Trans. Am. Ceram. Soc., 13, 531-549 (1911). 
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which contain large amounts of clay as the raw refractory addi- 
tion. One advantage of this type of formula is that the use of 
chemical ‘‘vehicles” for floating the coats can be avoided. 

The use of clay alone as the raw refractory, in case the amount 
to be added is large, is not as common as the employment of a 
small or moderate amount of clay as a floating agent and the ad- 
dition of either flint or feldspar, or both, as refractory ingre- 
dients. No. 7 is a formula of a ground coat calling for clay, flint 
and feldspar as the raw additions. In this formula two frits are 
blended, the effect being the same as the blending of two ground 
coats. ‘This ground coat is more fusible than the preceding ones, 
being employed in the enameling of light castings. 

It is somewhat difficult to estimate the comparative fusibilities 
of a series of enamel formulas, whether these be presented in the 
proportions of the raw batch, percentage composition, or empirical 
chemical formulas. When only one refractory ingredient is used, 
some idea of the fusibility may be obtained by observing the 
percentage of the refractory addition in the melted enamel. For 
this reason, in submitting the composition of cover coat enamels, 
we have employed formulas calling for potash feldspar as the 
only refractory. It is impossible to follow this practice in ground 
coat enamels, for the clay, flint and feldspar must be taken into 
consideration. 

By practical trial the writer has determined thaf, in cast iron 
enamels, the potash, feldspar, flint and clay may be substituted 
for one another without changing the fusibility of the enamel, 
the ratio being 100 feldspar : 66/; flint: 40 clay.! By assuming 
that flint is substituted in these ratios for all of the clay and feld- 


spar contents in each of the ground coat formulas given here’ 


and by reducing the batch to 1000 pounds (melted), we obtain 
a number indicating the pounds of flint that would have been 
used for 1000 pounds of the ground coat melted, if the only re- 
fractory employed had been flint. We have called this number 
the ‘‘flint equivalent” of the formula. The flint equivalent of 
a ground coat gives a fair indication of its refractoriness, for 
variation in the amount of the flint added has such a decided effect 


1 Trans. Am. Ceram. Soc., 13, 505 and 534 (1911). 
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that the influence of variations commonly found in the relative 
amounts of the fluxing oxides may be neglected. 


Ground coat No. 1 is quite refractory and has a high ‘‘flint 
equivalent.’ Ground coat No. 7 is quite fusible and has a corre- 
spondingly low “‘flint equivalent.’’ Ground coats Nos. 2 to 6 
are supposed to be well adapted to general lines of enameled iron 
wares. It is remarkable how nearly uniform are the “‘flint equiva- 
lents’’ of these five recipes obtained from various sources. 


Ground Coat No. 1. 


Batch for 1000 pounds. 
Percentage 
Melted. composition. 
77.83 
7.16 |} 
Sodium nitrate. . 36: ao 


84.99 


500.0 


Additions. 


“Flint equivalent” 


EMPIRICAL CHEMICAL FORMULA. 


0.785 NasO 
0.215 PbO 


14.743 SiOz 
1.103 BO; 


0.807 Al,O; 


1.000 


4.00 
100.04 
1136.0 1000.0 
860 
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Ground Coat No. 2. 
Batch for 1000 pounds. 


Percentage 
Frit. Raw. Melted. composition. 
Sodium nitrate... 35.0 7.60 
Red lead......... 52.5 14.27 
0.30 
1155.5 948.0 
99.99 
Addition. 
60.0 52.0 
1215.5 1000.0 
“Flint equivalent’ = 736 
Empirical, CHEMICAL FORMULA. 
0.810 Na,O | 7.705 SiOz 
0.165 PbO 0.158 AlsOs 1.342 BoOs 
0.025 CoO ( 
1.000 
Ground Coat No. 3. 
Batch for 1000 pounds. 
~~ Percentage 
Frit. Raw. Melted. composition. 
Sodium nitrate... 50.0 rer 4.57 
Cobalt oxide..... 0.85 16.66 
0.085 
1070.85 956.0 
99.97 
Addition. 


51.0 44.0 


1121.85 1000.0 
“Flint equivalent” = 735 


EMPIRICAL CHEMICAL FORMULA. 


0.448 Na,O 7.102 SiOz 
0.485 PbO 0.121 Al,O; 0.539 BsOs 
0.067 CoO 


1.000 


Ne 
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Ground Coat No. 4. 


108 

Batch for 1000 pounds. 
Frit. Raw. Melted. 
275.0 
Potash feldspar... 435.0 
375.0 
41.0 

1126.0 948.0 

Additions. 
ation 57.0 49.0 
Cobalt oxide..... 3.0 3.0 


“Flint equivalent” 


Percentage 
composition. 

Al.O3.. 10.27 
6.07 
13.72 
4.00 
Ceo 0.30 

100.01 


EMPIRICAL CHEMICAL FORMULA. 


0.392 | 4.884 SiOs 
0.493 Na2,O 0.507 Al,O; 

0.095 PbO 0.985 B2O; 
0.020 CoO 

1.000 


Ground Coat No. 5. 


Blue ground coat. 
Batch for 1000 pounds. 


Frit. Raw. Melted. 
Sodium nitrate...... 30.0 
2.7 

1137.7 958.0 
Additions. 
48.0 41.0 
Magnesium carbonate 3.0 es 


1188.7 1000.5 


“Flint equivalent” = 734 


White ground coat. 
Batch for 1000 pounds. 


Raw. Melted. 


Frit. 

Potash feldspar...... 315.0 

335.0 

Sodium nitrate...... 30.0 

1135.0 958.0 

Additions. 

Magnesium carbonate 3.0 i 


1186.0 1000.5 
“Flint equivalent’”’ = 730 


1186.0 1000.0 
= 
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The final ground coat is made by taking two parts of blue 
ground coat and one part of white ground coat. This gives a 
flint equivalent of 733. 


Percentage composition. 

100.00 


EMPIRICAL CHEMICAL FORMULA. 

0.115 K,0_) 
0.646 Na,O ( 6.827 SiOz 
0.021 MgO 0.224 ALO; 4 


0.203 PbO | 1.033 
0.015 CoO } 
1.000 


Ground Coat No. 6. 


Batch for 1000 pounds. 


Percentage 
Frit. Raw. Melted. composition. 
Sodium nitrate........ 30.0 7.42 
Magnesium carbonate... 10.0 PboO.. 9.80 
MgoO.. 0.48 
on0.0 GOO. 0.10 
100.06 
Additions. 
Cobalt omide........... 1.0 1.0 


1256.0 1000.0 
“Flint equivalent” = 732 
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EMPIRICAL CHEMICAL FORMULA. 


0.167 

0.553 NaO | ( 3.72 SiOz 

0.056 MgO }0.758 { 

0.219 PbO | 0.95 
0.005 CoO | 

I .000 


Ground Coat No. 7. 


Batch for 1000 pounds. 


Frit. No. 1. Raw. Melted. 
Potash feldspar....... 300.0 
115.0 Al.O3.... 
Sodium nitrate....... 20.0 
125.0 
B.O; 
Frit No. 2. 
125.0 
Sodium nitrate....... 15.0 
82.0 
250.0 
Additions, 
75.0 75.0 
120.0 120.0 


“Flint equivalent” = 658 


EMPIRICAL CHEMICAL FORMULA. 
0.31 K,0 { 3.444 SiO, 
0.29 Na,O 0.428 AloOs 

{ 


0.40 PbO 0.404 


1.00 


Percentage 
composition. 


50.63 
10.71 
7.20 
4.36 
6.95 
20.30 


100.05 


1127.0 1000.0 
— 
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DISCUSSION. 


Mr. LANDRUM: In the percentage composition given, do you 
include the mill mix or is it merely the batch mix? 


Pror. STALEY: ‘That is a calculated percentage composition. 
Mr. LANDRUM: But does it include the addition at the mill? 
PROF. STALEY: Yes. 


Mr. LANDRUM: And does the empirical formula also include 
the mill addition? 


PrRoF. STALEY: Yes. 


Mr. LANDRUM: Ground coat No. 7 is very similar to a sheet 
steel ground coat. 


Mr. Poste: I have beén interested in some of the work Prof. 
Staley has carried out in the past, relative to the possible substitu- 
tion of one refractory for another and producing the same fusi- 
bility. An interesting point is that this ‘‘flint equivalent” is ap- 
parently the outgrowth of that work. I assume that the work 
done heretofore was derived from actual experiment and has been 
verified in practice. This is a much more complicated case of the 
same thing. Is it practicable? 


Pror. STALEY: This was not tried out at all. ‘These are for- 
mulas which were obtained from various sources. I calculated 
the “flint equivalent’ from the factory formulas. In five for- 
mulas, supposedly used for general sanitary work, bathtubs, etc., 
the ‘‘flint equivalent’? was about the same and we had every 
reason for assuming that about the same temperature is em- 
ployed in most factories in maturing the ground coats. These 
were not made up in order to verify the ‘flint equivalent.” I 
calculated the “‘flint equivalent’’ after the enamel had actually 
been used in the factory. 


Mr. Poste: What would be the effect of replacing the feld- 
spar and other refractory materials by the theoretical amount of 
flint? Have you determined this experimentally? 
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Pror. STALEY: Yes. 


Mr. Poste: What were the results as compared to those of 
the previous experimental work? 


Pror. STALEY: I operated a factory for four years on that 
basis, that is, substituting one material for another on the basis 
of experimentally determined equivalents. 


Mr. Poste: The old question of cobalt in the ground coat is 
always interesting to us, and one little piece of experimental 
work we were conducting a while ago brought forth the very in- 
teresting proof of one theory; that under certain conditions in 
steel ground coats containing cobalt oxide, metallic cobalt actually 
separates and alloys with the steel. We happened to be doing 
some fundamental work, involving mixtures which included no 
oxidizing materials whatever, but containing cobalt oxide. After 
withdrawing the stirring rod from the molten batches contain- 
ing no oxidizing material, there was a peculiar glossy coating on 
the surface of the rod. It appeared to be metallic cobalt. We 
sawed off the end of this rod and found that metallic cobalt had 
been deposited. We were endeavoring to determine the effect 
of nitrates and we substituted increasing amounts of nitrates for 
carbonates without varying the Na,O content, and the ten- 
dency of the cobalt to deposit on the steel rod gradually disap- 
peared, indicating that the oxidizing material kept it in the 
oxidized form and in the absence of an oxidizing material it was 
reduced, a deposit of metallic cobalt forming on the surface of 
the rod. 


THE BONDING STRENGTHS OF A NUMBER OF CLAYS 
BETWEEN NORMAL TEMPERATURE AND 
RED HEAT. 


By C. W. Saxe anp O. S. BUCKNER. 


The strength of clays at the temperatures and conditions to 
which they are subjected prior to and during the early stages 
of burning is of considerable interest, inasmuch as low strength 
is often a direct and always an indirect cause of the breakages 
which occur between the time the ware is fashioned and the time 
the burning operation has reached its maximum intensity. 


In this connection the investigations! by Kerr and Montgomery 
have shown that much depends on the manner and the thorough- 
ness of the drying treatment to which a clay is subjected. Thus, 
owing to a small amount of water retained in its pores, St. Louis 
fire clay, when in an air-dried condition, was found to attain 
not more than 50 per cent. of the strength that it possessed 
when drying was completed at 110° C. 


Although the thoroughness of the drying treatment has a 
marked effect on the strength, in factory practice it is not prac- 
ticable, of course, to maintain dryers at temperatures high enough 
to remove all hygroscopic water. Even if it were, one or more 
operations on the ware are usually necessary after it comes from 
the dryer, during which time it suffers a falling off in strength— 
owing to the absorption of moisture induced by room tempera- 
tures and conditions. The loss due to breakage largely depends, 
therefore, on the selection of clays that are strong and tough 
under the conditions of use. 

In the most approved method of measuring the strength of 
clays, the drying conditions are definitely specified and are con- 
cluded with a temperature of 110° C, which is continued until 


‘ Trans. Am. Ceram. Soc., 1§, 270, 345 (1913). 
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constant weight is reached.' However, it is known that some 
clays when subjected to a drying treatment possess the property 
of retaining moisture more tenaciously than others, and, on the 
other hand, of absorbing it more readily when removed from a 
dryer and allowed to cool at atmospheric conditions. Since the 
presence of small amounts of water materially reduces strength, 
it is probable that this affinity for water, shown in a variable 
degree by different clays, has an appreciable influence on the 
strength at conditions existing in the factory. If such be the 
case, then the relative strengths of a number of clays at factory 
conditions would be expected to be somewhat different than their 
order when properly and thoroughly dried at 110° C. 

In investigating this matter, an attempt was made to deter- 
mine: first, whether or not the strength of clay, dried in the ap- 
proved manner at 110° C, is indicative of the strength of clay 
as it is likely to be used in the factory; second, to what extent a 
number of representative clays in a dry condition differ as to 
their affinity for moisture; and third, the relative effects of mois- 
ture on the strengths of these clays. 

Another phase of this investigation is concerned with the 
strength of clays during the early stages of burning. While 
strength changes in clays in both the unburned and burned? 
conditions have been shown, little has been published regarding 
the changes in this property between 110° C and a red heat. 


Tests therefore were made, first, to determine the changes 
in hot and cold strength from normal temperatures to red heat 
with particular attention to the changes undergone during the 
dehydration period, and second, to note if the strength of clay, 
thoroughly dried at a final temperature of 110° C, could be used 
as an index of the strength at the higher temperatures. 


| A satisfactory drying treatment and the one used by Kerr and Mont- 
gomery is as follows: 

a. Air drying for about seven days. 

b. Drying to constant weight at 75° C. 

c. Further drying to constant weight at 110° C. 

2 Bleininger, ‘Porosity and Strength of Clay Products,’’ Trans. Am. 
Ceram. Soc., 12, 564 (1910). 
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Experimental Work. 


The trade names and general character of the clays used in 
these tests are given in Table I: 


TABLE 1.—CLAYS USED IN THE TEsTs.! 


Name. Mark. 

Kentucky No. 5 ball clay...... A Good plasticity. 

Johnson-Porter No. 10 ball clay B Good plasticity 

Armstrong clay............ .. © Very good plasticity; not refractory. 

Whiteways ball clay........... D Good plasticity 

Alien plastic clay............. E Good plasticity; a No. 3 fire clay. 

Schippach clay...... ....... F Very good plasticity; German crucible 
clay. 

ble clay. 

Michigan slip clay............ H__— Poor plasticity. 

Albany dip I Fair plasticity. 

Mitchell ball clay............. J Very good plasticity. 


For the first phase of this investigation each clay was tested 
for bonding strength, the tensile strength of a clay-alundum mix- 
ture being taken as a measure of this property. Each set of 
tensile strength briquettes was subjected to the following dry- 
ing treatments: 

(1) Dried in air, at 55° C, at 110° C to constant weight and 
cooled in a desiccator over calcium chloride. 

(2) Air-dried at room conditions. 

(3) Dried in air, at 55° C to constant weight and then allowed 
to stand at room conditions for 24 hours. 

(4) Dried in air, at 55° C, at 110° C to constant weight and 
then allowed to stand at room conditions for 24 hours. 

In the first treatment, representing the method employed for 
completely drying the briquettes, the second drying tempera- 


1 Chemical Analyses of the Clays: 
Mark. H2O. Loss. SiQe. FeeOs. TiOz. AkOs. CaO. MgO. K2O. NazQ. Total. 


A 1.29 10.03 56.56 3.32 2.00 27.52 .. 99.43 
B 0.68 10.77 51.23 2.10 1.60 34.37 .. 260,07 
2.32 7.49 52.34 8.77 0.80 27.87... 99.59 
E 1.95 10.54 57.74 2.66 1.70 23.52 0.30 1.26 0.98 0.09 98.80 
F 4.00 11.94 $2.01 0:75 99.80 
64.42 6.33 60:66 2.85. 1.32 12-96 9.97 27.55 §-87 98 .23 
I 9:69 65.73 4.66 1:02 19-97 5-51 3.87...... 99.63 
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ture, 55° C was used, but as the briquettes were largely composed 
of non-plastic material, this was found to give satisfactory re- 
sults. The remaining treatments approximate the average 
and extreme conditions likely to prevail in the factory. 

In addition to the briquettes, trial peices of each clay were pre- 
pared and dried at the same time as the briquettes. The water 
contents were then determined by drying to constant weight at 
110° C. 

The results of this work are given in Tables 2 and 3 and Figs. 
1 and 2. 

The strengths of the clays between normal temperatures and 
red heat were determined on both hot and cold briquettes and 
at such temperatures as to include the dehydration period. In 
order to observe the commencement and duration of this period, 
loss of weight determinations and dehydration lag curves were 
made for each clay. Porosity determinations were also carried 
out perchance such data might be correlated with the bonding 
strengths. The results of these tests are given in Tables 4, 5, and 
6, and are presented graphically in Figs. 3 to 13, inclusive. 


Methods of Testing. 


The Briquettes.—All of the briquettes were made from mix- 
tures of 25 per cent. 46-mesh clay and 75 per cent. No. 60 “‘regu- 
lar alundum’”’ and molded into standard cement briquettes while 
in a soit plastic condition. Before testing, the faces of the bri- 
quettes were rubbed parallel and one end made flat in order to 
facilitate handling in the electric oven. 


Drying Treatments.—The drying treatments for the first part 
of this study were carried out as prescribed under “Experimental 
Work.” Each operation at 55° C and 110° C was continued 
till practically constant weight was reached. 


Heat Treatments.—In the tests to determine the changes in 
strength during the early period of burning, the briquettes that 
were tested while hot at 200° C and above were held at the de- 
sired temperature for one hour before breaking, these tempera- 
tures being reached at the rate of 2.3° C per minute. Those that 
were broken cold were first partly cooled in the furnace itself and 
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then removed to a desiccator. Heat treatments below 200° C, 
however, were somewhat different in that they were continued 
until the briquettes were constant in weight. 

A Hoskins electric furnace was used for the treatments above 
110° C, the temperature being measured up to 325° C by means 
of a mercurial thermometer and above this point by means of a 
thermocouple. 


Bonding Strength.—The testing machine used was a simple 
device and consisted chiefly of a lever of the first class fitted with 
a pair of clips or holders. ‘The load was applied at the rate of 
50 pounds per minute. 

For breaking the briquettes in a hot condition, special refrac- 
tory clips were prepared and connected with the arm of the lever 
through a small hole in the top of the Hoskins furnace. This 
apparatus is shown in the illustration. 


Apparatus for breaking the hot briquettes. 
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Six briquettes were thought sufficient to provide a good aver- 
age result for the drying treatments at and below 110° C. For 
the higher heat treatments this number was reduced to four 
and in a few cases three. 


Loss in Weight.—The trial pieces used for this test were */3” 
3/,” & 4" in size and were cut from a slip-made slab of clay when 
in a leather hard condition. Raw, dry weights were obtained 
after a final drying treatment at 110° C to constant weigit. 
Each test piece was held for one hour at the desired tempera- 
ture, using the same rate cf heating as employed for the bri- 
quettes. When necessary, the bars were partly cooled in the 
furnace and then removed to a desiccator. The per cent. loss 
in weight is expressed in terms of the dry weights as obtained at 

Porosity was determined on the same pieces that were used 
for loss of weight, by Purdy’s formula,' 


ered xX 100 = per cent. porosity, 
where 
W = Saturated weight, 
D = Dry weight, 
S = Saturated suspended weight. 


(The saturating liquid was kerosene.) 


Dehydration Lag Curves.—The dehydration curves were ob- 
tained by inserting a thermocouple into the center of a specimen 
of clay */,”  °/,” & 1'/,” in size which was then heated at the 
rate of about 24° C per minute in an electric furnace having a 
chamber 2” in diameter by 25/3” deep. ‘Temperature readings 
were taken every 15 seconds. No rheostat was placed in series 
with the furnace. The heating curve was obtained by using an 
already dehydrated specimen. 


Results. 


The calculated data given in Table 3 expresses the per cent. 
loss in strength that each clay has undergone on the absorption 


1 Tllinois Geological Survey, Bull. 9, 142. 
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of moisture, the latter being expressed in terms of the water 
required by each clay to bring it to normal plasticity. 


Discussion of Results. 


Bonding Strengths of the Clays. Relative Order of Strengths 
at Factory Conditions and When Completely Dried at a Final 
Temperature of 110°C. Table 2, Fig. 1.—The bonding strengths 
of the clays when completely dried at a final temperature of 
110° C are only roughly indicative of the strengths at factory 
conditions. Not only is strength materially decreased by the 
presence or further absorption of moisture but the relative order 
of the clays, particularly the stronger ones, is changed. Thus, 
clay J, which has a bonding strength of 130 pounds per square 
inch when completely dried at a final temperature of 110° C, 
falls among the class of mediocre clays when allowed to stand 
at room conditions for 24 hours. On the other hand, clay F, 
having a strength of only 88 pounds, is among the strongest 
at factory conditions. Clays C and G are further examples; 
when dried to constant weight at a final temperature of 110° 


T T T 
se Bonding Strength of the Clays 
at Different Drying Treatments 
A. Nos Ball Cay 
8. Ball Clay | V4 
¢ Armstrong Clay 
D. Whiteways Ball Clay 
£. Allen Plastic Clay 
*. Schippach Clay 
6. USA. Clay L 0, 
£ J. Mitchell Ball Clay 
ws 
8 
Cd 
a 
10% 
55°C. Reem 10°C. \Des/ecator 
_|ReomDry _l24 Hours Heurs Cooled 
Fic. 1 
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TABLE 2.—BONDING STRENGTH IN POUNDS PER SQUARE INCH OF THE CLAYS 


JOURNAL OF THE 


AFTER THE DIFFERENT DRYING TREATMENTS. 


Dried at 55° C. Dried at 110° C. Dried at 110°C. 
Room 24 hours. Room 24 hours. Desiccater cooled. 


TABLE 3.—PER CENT. Loss OF STRENGTH PER PER CENT. MOISTURE CON- 


Air dried. 


9 


1 
3 
7 
9 
1 
6 
I 
5 


34. 
42. 
69. 
52. 
59. 
70. 
61. 
51. 
59. 


© 


OM 


38.7 69.8 
35.4 65.8 
79.1% 107.4 
54:5 85.5 
54-4 83.3 
76.1 87.9 
62.0 107.2 
57-3 79.2 
63.4 130.5 


TENT EXPRESSED IN TERMS OF THE WATER OF PLASTICITY. 


Drying Treatment No. 4 at 110° C, Room 24 Hours. 
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Water of of plas- _the water of 
plasticity. ticity. plasticity. 
36.5 2.68 16.6 
34.0 2.88 15.8 
34.0 4.82 5.9 
35-9 2.59 14.0 
33.5 2.83 12.3 
33.8 5.92 3.3 
35-4 3.42 12.3 
$332 2.48 . 
39.2 3.16 16.2 


3 Dried at 55° C, Room 24 Hours. 
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3.09 16.2 
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5.94 5.9 
3.70 10.5 
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4.97 10.9 
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they are practically identical but vary noticeably at the other 
drying treatments. 


Affinity for Water and Its Relative Effect. Table 3, Fig. 2.— 
The data given in Table 3 show that there is considerable varia- 
tion in the water content of the clays after the same drying treat- 
ments. For instance, clay F absorbed from three to four times 
as much moisture as clay I when dried at a final temperature 
of 110° C and allowed to stand at room conditions for 24 hours. 


The different clays, however, are very dissimilarly affected by 
this moisture. For instance, clay J (Table 3), though it absorbed 
less moisture than clay F, suffered a much greater loss of strength. 
If the per cent. loss in strength per per cent. moisture content is 
calculated for each clay it will be found to vary from approxi- 


Per cent Loss in Strength per Per cent of tre| 
Water of Plasticity Contained in the Clay 
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mately 7 to over 50 per cent. This great diversity in loss of 
strength for equal amounts of water is still further shown by 
Fig. 2. The results therein presented express the per cent. loss 
in strength per unit amount of water of plasticity which each clay 
retained or absorbed at two of the drying treatments. The 
clays vary considerably—the smallest loss per unit amount of 
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water being approximately two per cent. and the largest over 16 
per cent. 

This greater susceptibility on the part of some clays to the ef- 
fects of moisture seems to be the chief cause for the dissimilarity 
of the relative order of the bonding strengths after the different 
drying treatments. 


Strength of the Briquettes Broken while Cold between Normal 
Temperatures and Red Heat. Table 4, Figs. 3 to 13, Inclusive.— 
Aside from the increase in strength between normal temperatures 
and 110° C, all of the clays show but small changes in strength 
up to 325° C. Above this temperature, and during the dehydra- 
tion period, all increase in strength quite rapidly with the excep- 
tion of the two slip clays, which remain practically constant 
until red heat is reached. 


Strength of the Briquettes Broken while Hot between Normal 
Temperatures and Red Heat. Table 4, Figs. 3 to 13, Inclusive. — 
In all cases the strength of the briquettes when broken while 
hot is lower than the strength of the briquettes similarly treated 
but broken while cold up to and through the dehydration period. 

Starting at 55° C, clay B shows the greatest loss in strength 
and clay G the least, the former having decreased 20 per cent. 
and the latter approximately 2.0 per cent. The average differ- 
ence for all the clays is to per cent. 

At 110° C none of the clays show the characteristic increase 
in strength that is evident in every case when broken cold. In 
fact, the tendency seems to be to decrease slightly below that at 
55° C. The average loss of all the clays at this point compared 
to the average cold strength at 1i0° C is 28 per cent. 

The majority of the clays at 200° C show a further slight de- 
crease, but at 325° C a slight increase is evident in most cases. 
Above this temperature and through the dehydraticn period 
strength continues to gain rapidly. The one exception is Mich- 
igan slip clay which remains practically constant up to 700° C. 

Generally speaking, the clays that have the highest cold strength 
at 550° C are also the strongest in the hot condition during the 
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TABLE 4.—BONDING STRENGTH OF THE CLAYS BETWEEN NORMAL TEM- 


PERATURES AND RED HEAT. 
(Pounds per Square Inch.) 
Cold—desiccator cooled. Hot. 

Room ° ° ° ° ° ° ° ° 

Clay. 20°C. His & & x = + 
A 38 60 62 76 84 126 163 49 52 53 53 65 93 134 171 
B 36 59 66 73 78 129 158 47 49 57 62 74 102 165 175 
C 89 114 134 129 133 151 468 98 98 89 107 II9 132 172 194 
D 61 80 94 98 103 151 266 74 73 61 60 80 124 135 150 
E 85 107 125 121 119 184 322 94 96 84 84 112 154 189 237 
F 86 g1 114 127 141 253 331 88 84 71 87 122 188 221 301 
G 73 104 145 145 153 255 294 102 88 101 122 148 223 274 345 
H 14 19 24 17 19 9 24 17 35 34 TS 
I 57 75 88 80 87 92 274 70 66 58 63 74 83 109 139 
; = 89 125 110 III 195 221 75 73 73 83 97 225 226 331 


TABLE 5.—PER CENT. POROSITIES AFTER THE DIFFERENT HEAT TREAT- 


MENTS. 

Clay. 110°C, 325°. <10°, 650°. 760%. 
34.9 36.6 37.4 37-7 37.0 39.6 39.9 40.6 
B 37-4 39.6 40.3 40.7 39.3 41.7 42.3 43.8 
34:0 36.4 398.3 38.0 $7.4 38.5 38.9 39:0 
33.6 35.9 38.1 36.9 37.6 2:3 4.5 42.4 
26:6. 2.0 3%.0 26.2 30.4 33:8 33.2 33.0 
G 34.8 36.0 36.6 36.9 36.3 38.6 39.2 39.4 
40.3 44.2 44.7 43.0 43.1 44.9 48.1 47.4 


TABLE 6.—PER CENT. Loss IN WEIGHT AT THE DIFFERENT HEAT TREAT- 


MENTS. 

Clay. 2257. <i. 499°. $75*. 700°. 
0.16 0.76 0.85 1.13 7.90 8.09 8.69 
0.11 0.80 0.66 1.32 9.36 9.55 10.53 
3.234 3.48 4:55. 8:72 Gog 
3.19 0.49 2.45 9-46 9:74 11.90 
DutvccamicwGeisess 0.29 1.10 1.12 1.86 10.05 10.61 11.60 
0.09 0.85 0.33 3.05 7:09 7.39 
0.36 0.97 0.83 1.16 8.18 8.23 9.48 
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Dehydration Lag Curves 
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interval between 55° C and 325° C, where strength is quite low. 
When broken cold at the 110° C heat treatment they are less 
indicative of strength during this interval. 


Porosity and Loss in Weight. Tables 5 and 6, Figs. 3 to 13, 
Inclusive.—No relation is noticeable between bonding strength 
and the loss in weight of the clays at the different heat treat- 
ments; this property remains constant, increases or decreases as 
the test pieces lose weight depending on the clay. 

Likewise no relation is evident between porosity and strength 
for the former increases gradually at all temperatures except at 
or just before dehydration, where, in every case, a slight de- 
crease takes place. 


Dehydration Lag Curves, Fig. 13.—The beginning of dehy- 
dration was assumed to be at the point where the curve first de- 
parted from the normal furnace curve and the completion at the 
point where it first started to return. In every case the dura- 
tion of this period is somewhat briefer and not in very close agree- 
ment with that indicated by the loss in weight determinations. 
This apparent discrepancy appears to be due to the errors attend- 
ing the former method. Thus the absorption of heat, which ex- 
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tended in a number of cases beyond the upper limiting tempera- 
ture set by the loss in weight determinations, seems to have been 
caused by the large size of the test specimens and the consequent 
inability of the small electric furnace to regain its normal rate of 
heating, following the endothermic reaction. The lag curves 
for the two slip clays agree more closely with their loss in weight 
determinations substantiating this view—for these clays are the 
most impure of the lot and lose weight over a greater interval of 
temperature. 


Conclusions. 


The strength of a clay, dried to constant weight at a final tem- 
perature of 110°C, is only a rough measure of its strength at con- 
ditions which prevail in most factories. Results thus obtained 
permit the selection of strong clays from weak clays but do not 
afford a means of distinction between, say, a number of fairly 
strong clays at conditions under which they are likely to be used. 


When different clays are not thoroughly dried or are subjected 
to atmospheric conditions where the absorption of moisture 
is possible they show a large dissimilarity in their affinity for 
water. The fact that the relative order of the strengths of clays 
at factory conditions is appreciably different from their order 
when dried to constant weight at a final temperature of 110° C 
is partly due to this phenomenon. However, the largest and 
most dissimilar changes are due to the fact that the presence of 
small amounts of water causes some clays to lose much more 
strength than others. 

The strength of clays in a hot condition between 110° C and 
red heat is considerably lower for the first two or three hundred 
degrees than their cold strength when thoroughly dried at a final 
temperature of 110° C. 

During dehydration, both the hot and cold strength of clays 
increases or remains practically constant indicating that the 
physical and chemical changes during this period have little 
effect on this property. 

Generally speaking, the strongest clays in the cold condition 
as dried at 55° C are in turn the strongest when hot during the 
interval of lowest strength between 110° and 325° C and hence 
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the former can be taken as a rough measure of strength during 
this interval. 


COMMUNICATED DISCUSSIONS. 


C. E. Furton: This paper is very interesting throughout, 
but the most important point which has been duly emphasized 
by the authors is the fact that results obtained by tests upon 
thoroughly dried briquettes (that is, dried at 110° C and cooled 
in a desiccator) will give results which will not be obtained under 
practical conditions. It has been our practice, in testing the 
bonding strength of raw clays, to air-dry the test bars for 
one week, then place them in the drying oven at 75° C, and finally 
at 110° C until constant in weight. After this drying treat- 
ment the bars are taken from the oven and, when cooled to room 
temperature, are broken in a transverse testing machine. ‘This 
method has given very consistent results and it will be interesting 
to know whether or not the authors have any results obtained by 
the breaking, as soon as they become cool, of briquettes which 
have been dried at 110° C. 

With the exception of clay E, the results obtained with their 
second drying treatment (55° C, in room 24 hrs.) and third dry- 
ing treatment (110° C, in room 24 hrs.) give equally good classi- 
fication. ‘The clays are grouped in pairs, F and C showing the 
highest strength, G and J forming the next pair, followed by D 
and I, and finally A and B, which show the lowest strength. 
The second testing method groups clay E with G and J while 
the third drying treatment places it with D and I. As this is the 
only clay which shows a falling off in strength between these 
two methods, it is possible that the number of pieces averaged 
to obtain this result (six) were too few to give it its proper posi- 
tion. In all strength tests from ten to fifteen briquettes should 
be broken to obtain a fair average. 

It would add to the value of the paper if data were given showing 
the maximum variation from the average given for each clay, and 
also a record of the room conditions during the 24-hour drying 
period. This is one objection to the method proposed by the 
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authors as the room conditions introduce a variable which may 
make it impossible to compare results obtained at different 
periods and in different places. 


M. F. BEECHER: It is apparent that the drying methods 
followed by the authors have not been made entirely clear. In 
Table 2, the four columns represent values obtained as described 
in the text under “Experimental Work.” 

The data presented in this paper confirm Mr. Fulton’s state- 
ment that an intermediate drying temperature between room 
temperature and 110° C. is required to give the best results. 
In the present case, that intermediate temperature was 55° C. 
The authors have no data to present on briquettes dried directly 
at 110°C. 

While in general practice it is agreed that at least ten briquettes 
should be used to obtain an average, the large amount of work 
of this nature which we have done has resulted in a method which 
has been demonstrated to give very reliable figures even though 
only six briquettes are used. The briquette mixtures contain 
only 25 per cent of clay instead of 50 per cent as ordinarily used, 
and granular, non-plastic of No. 60 mesh instead of No. 20 mesh. 
This allows of more uniformity in the molding of the briquettes 
and less danger of injury to the clay bond by checking in drying. 
The machine and method of breaking, described in the paper, 
contribute further to uniformity of results. 

Some data on the accuracy of this method, compiled last year 
for the use of the Committee on Standards of the American 
Ceramic Society, show that in the test of 67 clays, only four 
show an average deviation, from the mean tensile strength of the 
six briquettes, of more than 7 per cent and that the grand average 
of these values for ‘‘average deviation from the mean’ was only 
4.3 per cent. Reference to the work of Bleininger and Howat,' 
shows a similar value for the tension method to be 6.1 per cent. 
and the best result by any method was secured by the transverse 
test where the corresponding grand average of deviations from 
the mean was 5.5 per cent. 


1 Trans. Am. Ceram. Soc., 16, 273 (1914).. 
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Clay E, dried by the second and third methods described, shows 
the following variations in the tension test: 


Max. Deviation Min. Deviation Average Deviation 
from Mean. from Mean. from Mean. 
Per cent. Per cent. Per cent. 
Method 2... 9.0 1.5 
3, .....:. 11.5 2.0 6.5 


It was not the intention of the authors of this paper to propose 
a new scheme for drying briquettes for bonding strength tests. 
Their object was to secure the necessary data for properly inter- 
preting laboratory results on the strength of clays into usable 
factory information, and to point out that the difference between 
laboratory and factory drying methods is such a great factor in 
the drying of clays, that due consideration should always be 
given this point in the application of laboratory values. 

Incidentally, their data confirm the accuracy and reliability 
of the generally approved method of drying in the making of the 
strength tests, to which Mr. Fulton refers. 


Norton Co., 
WoRCESTER, Mass. 
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OBSERVATIONS ON THE FORMATION OF SEED IN 
OPTICAL GLASS MELTS. 


By A. E. Wi..iaMs, Pittsburgh, Pa. 


In a number of optical glass melts, made at the Bureau of 
Standard glass plant, considerable trouble was experienced from 
seedy glass. In practically all cases the seeds formed were quite 
large, varying from '/3.” to 1” in diameter, with a very few minute 
seeds grouped about the outer edge of the areas in which the larger 
seed were located. 

No difficulty was experienced in the fineing of this glass, so far 
as could be determined, the bubbles being completely eliminated 
during the melting process and the glass remaining free from 
bubbles during the working, so long as the temperature remained 
above a certain minimum. ‘These bubbles appear chiefly in our 
crown and boro-silicate glasses, but have occurred to some ex- 
tent in the barium glasses. ‘e 

In some of the melts the bubbles have been formed in a layer 
on the bottom, affording a cave-like appearance to the bottom 
4inches of the glass in the pot; in other cases the bubbles extended 
as a cone from the bottom, or the slowest cooled portion of the 
pot, towards the center of the glass. In one case, the seed formed 
in the center of the glass in the pot, the remainder of the glass 
being free from bubbles. 

The evidence which we have been able to gather in determining 
the cause of this seed formation may be summed up as follows: 

First, If the stirring of the glass were carried on below a cer- 
tain temperature, bubbles would appear and increase in number 
as the stirring was continued. 

Second, If the stirring were discontinued at a temperature 
above this minimum, and the pot were cooled without rapidly 
chilling the bottom, a layer of seed, having a cone shape area 


1 By permission of the Director, Bureau of Standards. 
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extending upwards from 5 to 10 inches in the glass, would occur 
on the bottom. 

Third, If one end of the pot were raised off the bottom of the 
furnace during cooling, seed would appear in that portion of the 
glass which was over the part of the pot still in contact with the 
bottom of the furnace. 

Fourth, If the cooling were started at a temperature above 
that at which the seed apparently first appeared during the stir- 
ring and the glass in the pot was chilled rapidly, no seed appeared. 

Fifth, The contents of the bubbles in samples of this glass 
were analyzed by Dr. Hillebrand, of the Bureau of Standards, 
for CO, and small amounts were found present. 

Sixth, Pots of these glasses which were not agitated but simply 
melted and fined in the usual manner until samples of the glass 
were free from seed, did not show any bubbles when cold. On 
the other hand, there have been cases known in which pots of 
soda lime glass, chilled by placing in the open, became full of 
large bubbles—this being contrary to the experience we have had 
with the crown and boro-silicate glasses. 

It therefore seems very evident, from the above observa- 
tions, that gases are evolved during the cooling of the glass at 
temperatures at which the glass has still quite a low viscosity, 
the temperature being below 1200° C. Slow cooling between 
1200° C. and 700° C. increases the amount and size of these 
seed and rapid chilling prevents their formation. 

In any case, we must recognize the fact that the formation of 
seed in optical glass is not necessarily due to any difficulty in the 
fineing process, but, in many cases, it is due to some other phe- 
nomena taking place during the cooling. The gas may either be 
a dissociation product or may be evolved from a supersaturated 
solution. Like phenomena occur in the cooling of steel ingots 
and some of the silicates, such as diopside. However, the evolu- 
tion of gas in these cases is accompanied by crystallization and 
the gas is probably evolved because of a decrease in solubility. 
It is improbable, however, that a decrease in solubility will take 
place upon the cooling of an amorphous glass melt, especially if 
Henry’s Law applies to viscous liquids at high temperatures, 
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as it does to dilute solutions, and the gas is most probably a dis- 
sociation product. The nature of this dissociation product has 
not been determined but as all of these glasses contain barium, 
the possibility of the formation of BaOz, which will dissociate to 
BaO upon cooling, has been suggested. 


Fic. 1.—Section of a pot of dense barium optical glass showing a mass of 
bubbles in the center. 


The accompanying illustration, Fig. 1, is of a pot of dense 
barium glass which was cooled from 1100° C to 600° C in five 
hours, the glass surrounding the light spot in the center being 
free from gas bubbles and the light spot being a foam-like mass 
of gas bubbles. This pot was cooled most rapidly from the top, 
bottom and sides, the center having cooled more slowly. 


DISCUSSION. 


Mr. Gates: I would like to ask Mr. Williams if he has con- 
sidered the possibility of a gas being introduced from the bottom 
of the pot, causing the bubbles? I have seen cases of blistering 
in a glaze evidenced by a similar effusion of gases, which evi- 
dently came from the body of the ware, and, in cooling, formed 
in the glaze. Could this gas, to which you refer, be derived from 
the bottom of the glass pot during the cooling, as occurs in the 
case of the blistering to which I referred? 
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Mr. WILLIAMS? We at first thought that there might possi- 
bly be some evolution of gases from the bottom of the glass pot, 
but we have noted the formation of the gases in portions of the 
glass which were not closely in contact with the bottom of the 
pot. 

Mr. FrinK: I would like to ask if these pots are glazed 
previous to being used? 


Mr. WiuiiaMs: ‘The pots were glazed in the bottom only—by 
melting 100 pounds of cullet in the pot, previous to introducing 
the glass batch. 


Mr. Frink: That being the case, it occurs to me that the 
question which you have raised as to the increased solubility 
of gases in the pot itself, at its higher temperatures, would account 
for this condition. Perhaps the zone condition of the bubbles 
is also accounted for by the increased or diminished porosity 
of the pot or the solubility of the gases in those particular zones 
in the pot. If that is the case, when the pot is turned up on its 
side, as we have often found to be the case, and is cooled 
on that side particularly, you will then have squeezed your gas, 
coming up through the hotter portions of the pot, underneath 
. your glass until it collects. The glaze, on the bottom of the pot, 
being more viscous on account of its higher content of alumina, 
allows the gas bubbles to collect until they become enlarged. In 
making colored glasses, the pot is first filled and then, for some 
reason, the pot is cooled and taken out; you will find varying con- 
ditions in the size of these gas bubbles. The nature of the gas 
depends largely upon what the conditions have been and to 
what period of melting the batch has been subjected. 


Mr. Wiu.1AMs: I wish to state that our theory for the forma- 
tion of the gas in the hotter end of the pot, when tipped up, was 
that the slower cooling had taken place there, giving the gas a 
chance for evolution. The gases were always evolved while the 
viscosity of the glass was reasonably low and during the interval 
ever which the slow cooling had taken place. 


Mr. Frink: You do think though, Mr. Williams, do you 
not, that in view of the fact that the bubbles usually occur first 
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near the clay surface, there is a possibility of these other gases being 
evolved from the pot itself and squeezed out and driven into the 
glass? 


Mr. WiuutaMs: I do not believe I do, because of the pressure. 
It would appear that any gas that was held in the clay pot might 
be expelled from the outside of the pot rather than from the in- 
side. Another consideration would be the cooling down during 
that period. If the gas were mechanically included, simply 
present as gas in bubbles and held mechanically at the operating 
pressure, there would be no expansion of the gases coming from 
the pot walls. 


Mr. Frink: ‘True, but I was proceeding upon the theory you 
have advanced, that the bottom of your pot, when first raised, is 
very hot, the central zone of the pot bottom being much colder. 
The central zone of the bottom that is in contact with the bench, 
must, if there is any difference, be the colder portion because it 
is furthest removed from the source of heat. When the pot is 
raised on its edge and the bottom cooled, the glass next to the 
bottom on the inside is hotter than the portion that is cooled on 
the outside; therefore, if there is a squeezing out, figuratively 
speaking, of these gases, the gas must pass to the inside, the pot 
being denser on the outside on account of the cooling. 


Mr. WILLIAMS: I see your point, but our practice is to chill 
the bottom with compressed air and by so doing, we do not have 
this condition. We operate in this way believing that by so 
doing the glass is cooled too quickly to allow the gases to come 
out of solution. Gas bubbles do not appear when the pot is 
raised and quickly chilled. The bubbles are developed when 
the pot is allowed to set flat on the bench, the bottom remaining 
hot for a longer time than the other portions of the pot. 


COMMUNICATED DISCUSSIONS. 


F. GELSTHARP: ‘This is a very interesting subject to a glass 
maker, as the presence of seed and bubbles in the product is one 
of his many troubles. 

Bubbles of the large size to which Mr. Williams refers are never 
found in glass except when the glass pots are allowed to cool 
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down without special care being taken to prevent their formation. 
My experience agrees with that of Mr. Williams in that these 
large bubbles are located in that portion of the metal which is 
cooled most slowly. I have found that if the top surface of the 
metal is kept warm and the bottom and sides are cooled quickly, 
these large bubbles do not appear. 


I have examined these larger bubbles and in some glasses have 
found them to contain sulphur dioxide and carbon dioxide, and 
in others only carbon dioxide, but under very reduced pressure, so 
low in fact, that, when punctured under water they fill com- 
pletely, showing that the volume of gas is exceedingly small. 
This would indicate that the bubbles originated from a very small 
quantity of gas which has greatly expanded, owing to the surround- 
ing conditions of greatly reduced pressure. To have this condi- 
tion we must imagine the containing walls of glass to be at a tem- 
perature of rigidity, that is the sides and the top surface of the 
metal. As cooling of the whole mass progresses a condition of 
greatly reduced pressure will be produced in that portion of the 
glass which is still mobile; this is generally near the center and 
towards the bottom. Any small seed which may be in this locality 
will be expanded to a size depending upon the viscosity of the 
glass at that point. 


I am of the opinion that some of our optical glasses will evolve 
dissolved or combined gases between certain temperatures, but 
in a case of this kind the liberation of gas will be throughout the 
whole mass, and the gas bubbles will not be very large in any 
particular portion of the pot, unless we have a condition of reduced 
pressure as described above. 

I have seen old plate glass pots set out which had 9 to 12 inches 
of glass left in them and large bubbles of gas could be seen exuding 
from certain spots, which were apparently cavities in the bottom 
of the pot. These bubbles would stay attached to the bottom 
for a considerable time till they were large enough to overcome 
the viscosity of the glass and rise towards the surface, but gen- 
erally they were arrested before reaching the surface. 

It seems to me that the bubbles found by Mr. Williams when 
the stirring of the glass was continued too long, may have been 
due to the release of these bubbles exuding from the pot bottom— 
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the metal not being sufficiently fluid to allow them to come te 
the surface. 


E. W. WASHBURN: Our experiments at Illinois have shown 
that pieces of perfectly clear glass entirely free from bubbles 
contain considerable quantities of gas in solution. If a clear 
piece of glass is heated until it softens and is then placed in a 
vacuum the dissolved gases are evolved in such quantities as 
to cause the mass of glass to swell up to several times its original 
size and to assume the appearance of soap suds. Owing to the 
viscosity of melted glass it is not impossible that certain portions 
of a pot of glass may be supersaturated with respect to the equi- 
librium between the dissolved gases and large bubbles of these 
gases. It is certainly true that all glass contains at least 
that amount of dissolved gas which corresponds to complete 
saturation at the maximum temperature attained during the 
process of fineing. A slight decrease of pressure at any time 
after cooling is started would be sufficient to start the evolution 
of this gas. Such a decrease in pressure might be brought about, 
for example, by a variation of the firing conditions in the fur- 
nace or by a fall in the barometer. Slow cooling would, of course, 
give a greater time tor this result to occur, while rapid cooling 
would tend to prevent it both by decreasing the time during 
which it was possible for such a fall in pressure to take place and 
by increasing the viscosity to such a point that no growth of bub- 
bles was possible. 


C. W. KEuFFEL: ‘The phenomenon described by Mr. Williams 
was observed in some of our melts, 7. ¢., a cone of bubbles was 
found to extend from the bottom of the pot toward the center. 
This has happened to several meltings of Boro-silicate Crown but 
never to a flint glass. 

In each case we attributed this result to the rapid cooling of 
the top and sides of the pot and the relatively slow cooling of the 
bettom. When the pot was allowed to cool either rapidly or 
slowly but uniformly from the sides, top and bottom no bubbles 
were formed. 

Our Boro-silicate Crown contains no Barium so that the sugges- 
tion that the gas in the bubbles is a dissociation of BaO, into BaO 
seems in error. 


. 


AMERICAN CERAMIC SOCIETY 
Summer Meeting. 


ZANESVILLE, OHIO, June 25-28, 1918. 


The meeting was an exceptional one in many ways and in 
point of average attendance it materially surpassed that of the 
former summer meetings. More than 90 were enrolled, seventy- 
five of those in attendance having come from a distance. 


Tuesday, June 25th: 


In the morning the members assembled at the Hotel Rogge, 
Zanesville, and after registration, proceeded to the plant of the 
Mosaic Tile Company. The Dressler Tunnel kilns in operation 
at this plant were inspected, one being used in the bisque firing 
and the other in the glost firing. Another interesting feature 
at this plant was the use of the Berg brick press as adapted to the 
pressing of wall tile. 

In the afternoon the first plant visited was that of the Brush 
McCoy Pottery Company, where the processes involved in the 
casting and jiggering of pottery specialties proved interesting. 
At the J. B. Owens Tile Company, the structural beginnings of 
an Owen’s tunnel kiln were observed and the details of construc- 
tion and operation were explained. At the plant of the Ohio 
Pottery Company the manufacture of chemical porcelain was 
very interesting, this being one of the few plants in the country 
producing this line. The casting process is used for the most 
part in the forming of the ware and in burning, the European 
practice of a low temperature bisque and a high temperature 
glost fire is followed. 

In the evening a banquet was held in the dining room of the 
Hotel Rogge. An informal program, including songs and speeches, 
was afforded. 
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Wednesday, June 26th: 


In the morning the party visited the Roseville Pottery Com- 
pany, Zanesville. A tunnel kiln used in the burning of art 
pottery and cooking ware was inspected. The party then pro- 
ceeded to the plant of the American Encaustic Tiling Co. At 
this plant particular interest was evidenced in the clay storage 
bins and trolley systems, the use of compressed air in the slip 
presses, specially designed tile presses and the tunnel kilns em- 
ployed in the firing of glazed ware. 

In the afternoon an excursion down the Muskingum River 
on the Steamer Louise was enjoyed. 

On Wednesday evening the party proceeded to the plant of 
the Kearns Gorsuch Company, where great interest was mani- 
fested in the processes of glass manufacture including the opera- 
tion of automatic bottle blowing machines. 


Thursday, June 27th: 

In the morning the large paving brick plants of the Burton 
Townsend Co. were visited. 

In the afternoon a motor trip was ‘taken westward on the 
National Highway to the flint ridge district, Wilbur Stout, of the 
Ohio State Geological Survey, explained the. ancient quarry 
workings where extensive operations were carried on originally 
by the moundbuilders and later by the American Indians. At 
one point the site of an ancient workshop in which primitive 
implements were made from the flint was visited. These flint 
implements have been found as far west as the Rockies, as far 
east as the Coast and from the Lakes to the Gulf. A number 
of specimens of these crude implements were found by members 
of the party. The moundbuilders’ fortifications at the Golf 
Grounds, Newark, were next visited. 

Proceeding to Buckeye Lake a shore dinner was served to 
the members at the resort hotel, after which a short business 
session was held. 


Friday, June 28th: 
The last day of the meeting was spent in visiting a variety of 
industries in adjacent towns, the first stop being the Ransbot- 
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tom Bros. Plant in Roseville, O. Modern jar machines and 
other equipment used in the manufacture of stoneware were ex- 
plained and demonstrated. At the Crooksville China Company’s 
plant at Crooksville, a rotary dryer, which had replaced the mold 
carrier and old style pottery dryer, proved interesting. 

In the afternoon the plant of the A. E. Hull Pottery Co. was 
visited and the methods of manufacturing white tableware 
by the single fire process was demonstrated. A unique method 
of slip decoration was a feature. From this plant the party pro- 
ceeded by train and trolley to New Lexington, Ohio, and visited 
the factory of the Ludowici Celadon Co. This factory is one of 
the most notable in the country and foremost in the manufac- 
ture of roofing tile. The operation of a shale planer, cutting a 
sixty foot face of shale, proved of unusual imterest. The methods 
of raw clay storage and the preparation and feeding of the clay 
at this plant were exceptionally efficient. A producer gas fired 
continuous chamber kiln was explained. The methods of glazing 
and firing roofing tiles were also of special interest. 


The last plant visited was that of the Ohio Brick and Stone 
Co. At the Company mine, flint fire clay is mined by the use of 
coal mining machines. The clay is then passed through a wash- 
ing plant to remove the iron impurities which occur in soft seams 
in the flint clay strata. In the manufacture of.fire brick at this 
plant a portion of the flint clay is ground in a wet pan and used 
as a bond in the forming of the brick by the dust pressed process. 

F. K. Pence, Chairman, 
Committee on Summer Meeting. 
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Fred A. Morgan 
James S. McCann 
Edward Orton, Jr. 
Walter S. Primley 
C. E. Ramsden 

G. W. Rathjeins 

H. S. Robertson 
George M. Schaulin 
Charles W. Thomas 
E. H. Van Schoick 
William G. Whitford 


Information in regard to those who are in 


some branch of the service and whose names are not included in the above 


list will be appreciated. 


C. F. Bruns, Secretary, Alfred, N. Y. 
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The Journal of the American Ceramic Society 


HIS JOURNAL, the official organ of the American Ceramic Society, appears 
at this time to fill a need of the American Ceramic Industries. 

It is to be published monthly, and for this reason embraces a wider field 
of activity than the volumes of the Transactions which it succeeds, and thereby 
offers greater opportunities of service to Ceramic Science and Industry. 

The success of this Journal will depend upon the efforts of the individual 
members. Your contributions, your discussions and your suggestions, are 
necessary; but above all, your assistance in securing new members for the 
Society and subscribers to the Journal is of prime importance. The Committee 
on Publications therefore requests that each member of the Society be per- 
sonally responsible for securing all possible members and subscriptions in his 
own city or town. 

The subscription price is—$6.00 per year to non-members. 

The annual membership dues of the Society, five dollars per year, include 
subscription to the Journal. 

The public library, the librarians of the nearby universities, colleges or other 
institutions, as well as individuals who are, or ought to be, interested in the 
work of your Society are your objectives. 

Use the application blanks at the bottom of this sheet for enrolling mem- 
bers and subscribers. Applications should be mailed to Prof. Charles F. Binns, 
Alfred, N. Y. 

Complete and energetic support on the part of the membership will insure a 
conspicuous success for our new publication. 


| COMMITTEE ON PUBLICATIONS. 


Application for Membership in the American Ceramic Society 


Approving the objects of the American Ceramic Society, I hereby apply for 
membership in the Society, and subscribe for the ‘“‘Journal of the American 
Ceramic Society.’”’ Enclosed find $5.00 as annual membership dues, $4.00 of 
which is for one year’s subscription to the Journal. 


NAME ADDRESS DATE 


Subscription to the “Journal of the American Ceramic Society” 


Enclosed find $6.00 in payment of one year’s subscription to the “Journal 
of the American Ceramic Society.’’ Subscription to start with the first number 


of the Journal. 


NAME ADDRESS DATE 
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The Value of FuelSavedinOneYear. 


$6,831.35 @ Actual records were kept for 365 days of the burning 
of 9-inch, high-grade, refractory brick in one continuous 
tunnel kiln and in seven 30-foot round kilns, during which 
time 5,110,000 brick were burned in the tunnel kiln 
as against 5,040,000 in the seven round kilns. 


@ But this isn’t all—the actual labor saving amounted 
to $5,808.00. Taking into consideration the necessary 
items of depreciation, interest on plant, maintenance and 
repairs, the average yearly cost for burning 1,000 brick 
in the continuous tunnel kiln system was $2.95 as against 
$6.20 in the round kilns. 


q If you are really interested in the greater efficiency of burning, you 
will let us tell you more about the actual accomplishments of 


b. The Didier-March Continuous Railroad Tunnel Kiln 
Didier-March Company 


GEO. A. BALZ LOUIS A. WITTE 
Gen’! Mer. Perth Amboy, New Jersey ‘fl? Engineer 


Contractors Manufacturers of Refractories Engineers 


ESTABLISHED 1869 


B. F. DRAKENFELD & CO., Inc. 


IMPORTERS & MANUFACTURERS OF 


INDUSTRIAL CHEMICALS, METALLIC OXIDES, 
VITRIFIABLE COLORS AND MATERIALS, 


| For Potters, Glassmakers and Enamelers. 


DECORATORS’ SUPPLIES. 
Branches: Chicago, Ill.; E. Liverpool, O. Main Office: 50 Murray St., New York. 


Quality Uniformity Experience 


Edgar QUALITY Clays 
REALLY washed—Highest percentage clay substance 


Brands Produced by 
Edgar Florida Kaolin._____________-_- Edgar Plastic Kaolin Co. 
Edgar Georgia Paper Clay and Kaolin____Edgar Brothers Co. 


| Lake County Florida Clay _______-_--~- Lake County Clay Co. 


| One Management — Office, Metuchen, N. J. 


AMERICAN CERAMIC SOCIETY 


JOURNAL OF THE 


AMERICAN CERAMIC SOCIETY 


The only technical periodical reaching all 
branches of the great ceramic industry, 
(brick, tile, terra cotta, pottery, porcelain, 
sanitary ware, refractories, glass pots, 
sewer pipe, tiles, cements, glass, etc., etc.) 


RATES 


20% discount for 12 continuous insertions 


For further particulars address 


COMMITTEE ON PUBLICATIONS, 
L. E. Barringer, Chairman, 


Schenectady, N. Y. 


American Ceramic Society, 211 Church St., Easton, Pa. 


Drying Systems for 
Ceramic Wares 


The Carrier Drying System plus Carrier 
Engineering, insure ware that is dried 
properly and evenly. The loss due to 
seconds and imperfect pieces is greatly 
reduced and the time of drying is con- 
siderably shortened. 


Carrier Systems with automatic humidity and 
temperature control can be installed complete, or 
automatic control can be applied to existing in- 
stallations. Write for complete information. 


Grrier Fngineering @rporation farrie 
39 Cortlandt Street, New York manila 
Boston Philadelphia Buffalo Chicago 
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| The War! 


‘‘We entered this war a selfish people, impatient 
of anything that interfered with our money- 
making or money-spending. We have become 


self-sacrificing and idealistic for a moral issue— 
denying ourselves even food for the sake of 
our beliefs.” 


It’s Worth the Price! 


Advertisement. 


diundum (cystolon 
The modern abrasives which make up the 


NORTON GRINDING WHEELS 


have played an important part in the evolution of grinding. 
Improved methods of wheel manufacture, co-operat- 
ing with modern research and experimental laboratories, 
have helped develop a Norton Grinding Wheel of the right 
grain and grade for every grinding job. 
Our experience is at your service in selecting a wheel 
or solving a difficult grinding problem. 


NORTON COMPANY 
WORCESTER, MASS. 
Alundum Plant: Niagara Falls, N. Y. New York Store: 151 Chambers Street 


; Crystolon Plant: Chippawa, Canada Chicago Store: 11 No. Jefferson St. | 
(600) 
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| THE 
ROESSLER & HASSLACHER 
CHEMICAL COMPANY, 
NEW YORK. 


* “America’s Leading Ceramic Material House” 


HIGHEST GRADE 
CHEMICALS 
MINERALS AND OXIDES 
FOR 
CERAMIC PURPOSES. 


Branches 


Chicago Cleveland Cincinnati 
Boston Philadelphia Kansas City 
New Orleans San Francisco 
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are designed and built for those high grade plants 
where safe, sure and speedy drying is imperative. 


Send for the catalog. It will increase your store 
of useful knowledge about modern drying of clay 
products. 


The Philadelphia Textile Machinery Co. 
Sixth Street and Tabor Road 
Philadelphia, Pa. 


25% SAVING 


in Coal and in Labor with 


PRODUCER GAS 


on your present kilns. 
| International Clay Machinery Co., Dayton, O. 


— 


Thwing Electrical Pyrometer Systems 


High resistance indicating and multiple-recording instruments for ac- 
curate temperature measurements at all stages of the burning process. 


The use of a Thwing Pyrometer System is a 
protection against fuel waste and ruined 
product from improper burning, and is a big 
help in getting better results with inex- 
perienced men. Ask for our latest catalog. 


THWING INSTRUMENT CO. 


3335 Lancaster Ave. 34 PHILADELPHIA 
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Burn More Product 
With Less Fuel 


Insulate your kilns with 


2 
PREVENTS HEAT PENETRATION 


MADE FROM CELITE 


It prevents heat waste 
and increases the ca- 
pacity of the kiln. 


Sil-O-Cel Insulation 
saves fuel, reduces loss 
due to rejected pieces 
and insures more uni- 
form distribution of 
heat. 


Write for Bulletin B-5 


CELITE PRODUCTS CO. 


New York 
Los Angeles 


Pittsburgh Chicago 
San Francisco 


Volunteers Wanted by 
U. S. Fuel Administration 


Volunteers are wanted by the 
U.S. Fuel Administration for 
appointment as Fuel Admin- 
istration Engineers. Part time 
only is required, amounting to 
two or three days each week in 
home districts. The work will 
include inspection of Clay- 
working, Glass, Cement, Lime 
and Metallurgical Plants. 


All expenses will be paid by the 
Government but no salary will 
be attached to appointments. 


Employers are requested to do- 
nate the services of men tech- 
nically trained or qualified by 
practical experience. 

Apply to 


A. F. GREAVES-WALKER, Chief, 


Industrial Furnace Section, U. S. Fuel 
Administration, Washington, D.C. 


—-- 


C.N. HOOPER 


VITREOUS ENAMELING 
TECHNOLOGIST. 


Present Address: —4157 Western Boulevard, South, 
CHICAGO, ILL. 


THE AMERICAN CERAMIC SOCIETY 
will be represented at the 
4'h National Exposition of Chemical Industries, 
Grand Central Palace, New York. 


WEEK OF SEPT. 23, 1918 


BE THERE! 
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Unusual 
Clay Service 


With seventy years of constant experimenting and pro- 
gressive achievement behind them, Laclede-Christy Clays 
were never more dependable than at the present time. 


Whatever your clay requirements may be, there’s an 
L-C brand to meet them, to your entire satisfaction. 
Try our clays for manufacturing Glass House Refrac- 
tories, Pots, etc., our Crucible, Enameling, Bonding and 
Refractory Clays, or our Specially Prepared Mixtures. 
Higher quality is not to be found anywhere. 


Back of this long record of results stands our Research 
Department in charge of Mr. C. W: Berry. Established 
some twenty years ago, this department has contributed 
considerable to ceramic development. Of particular 
value and importance was the perfecting of our B-69 
Clay, a clay superior to the Grossalmerode clay of 
Germany. B-69 has met with exceptional success. 


This Research Department—in fact, the entire Laclede- 
Christy organization—are always at your service, eager 
to help you in the successful solution of your ceramic 
problems. Get in touch with us. 


Laclede-Christy 


Quality Clays. 
Railway Exchange Building, St. Louis, Mo. | f 
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The best that Nature and 
Man have produced, secured 


at a minimum of expense 


and delivered to - you just a 
when you need it—that is : 
what you have learned to 4 
THEH ARSH AW 


FULLER AND 
GOODWIN co. 


CLEVELAND YORK PHILADELPHIA 


j 
| 
| 
| 
| 
- 


Let Us Help You 


Serve Effectively 


Service is vitally necessary in business today that we 
may pull together to accomplish our common aim. 


The General Electric Company has located industrial 


power experts at all large cities in this country to 
serve industry’s electrical requirements. For instance, 


experienced textile mill electrical engineers will be found 


in all textile centers. Among other industries so served 
are the iron and steel, coal and metal mining, cement, 
clay and glass, lumber and woodworking, grain and 
sugar, canring, packing and refrigeration, shoes and 
rubber, paper and wood pulp, tobacco and cigars, 
chemicals and gas, and the construction and ship- 
building. 

These experts are prepared to codperate with indus- 
trial engineering firms to show the best way to drive 
a machine or a factory to get maximum production 


of highest quality at minimum power cost. 


Back of these experts is the experience gained in 


- supplying much of the electric power equipment now 


used in American industry and a corps of scientists 
with research facilities for pioneer work. 


Call on us to help perfect your service to American 
business. 


General Electric Company 
mm General Office: Schenectady, N.Y. 


Addtess Nearest City 
. Boston, Mass. New York, N.Y. Philadelphia, Pa. Atlanta, Ga. 


Cincinnati, Ohio Chicago, Il. Denver, Colo. San Francisco, Cal. 
St. Louis, Mo. Dallas, Tex. (So. West G. E. Co.) 
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